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1.6. LTD 110RB/110B WardLeonard Electric 
»ping Shovels and 54RB Diesel Shovel 
& Dragline. 


‘RA PROJECT 120RB, 54RB/54B, 38B etc., 
Excavation WardLeonard Electric and Diesel 
Shovels, Draglines and Cranes. 


“STRIP MINING 120B, 100B, 110RB, 54RB, 55B, 44B 
‘ORATION etc WardLeonard Electric 
=e upping and Diesel Shovels, Draglines, 











GREAVES COTTON & Co. 


16 HARE STREET, RALLI HOUSE, P.G’8: 


Cranes etc and 29T Electric 












" puston- ‘| : | Churn Drills. 
Bucraus “ASSOCIATED CEMENT S4RB, 38RB, 10RB, etc WardLeonard, 
Stene Qu oe <i Shores and 
(fC ; \ i we 
‘ ‘Serves lndia's vital mines & quarries, 
\\ ‘iia, ORB, 4380, 3328, 2781 
_WardLéonard Electric and Diese! “ 
Shovels and Churn Drills. & 


548 WardLeonard Electrie Shovels 
sand 27RT Electric Churn Dritis: 
















ON 54RB, 438, 37RB, 228, ete 
: WardLeonard Electric & 


ExcaVation .. a : Cranes ete. - 


_. WEYYELL LIGNITE === Wardteonard — ri¢ 
: Lignite, go = Shovels and 60RL Diesel 
“ Drifls, 


tr 


AND MANY MORE™”— oo 
‘ eS COMPLETE LIST WILL BE PROVIDED ON 1 RE | 3 
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\ | SIEMENS 
RADIO NOISE AND 
FIELD INTENSITY 

METER 





The Radio Interference Meter 
STMG 3800 b is a top quality 
instrument for measurement of 
high-frequency radio interference 








for precise individual testing 


for speedy series measurements 
on the production line 


MBiy, 
In connection with the aerial assembly es: epee 
for field strength measurements e.g. 
corona testing on High Voltage lines 
and accessories 
on HF and ultra-Sonic generators 


on spark gaps of all kinds 


B33E SE-22 






A comprehensive set of accessories allows 
universal application of the meter. 


We also supply high-grade shielded 
rooms and anti-interference equipment. 





Cetailed information sent on request. 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN* MONCHEN 


SOLE REPRESENTATIVES 
SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 
BOMBAY CALCUTTA NEW DELHI MADRAS 
G.P.O, 


BANGALORE 
. Box 490 Post Box 715 G.P.O, Box 543 36 Mount Road 9St. Marks Road 





WESTINGHOUSE 
BUILDS 
WORLD'S 
TEN 
LARGEST 
TANDEM- 
COMPOUND 
STEAM 
TURBINE- 
GENERATOR 
UNITS 
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Westinghouse is again proving its leader- 
ship in the electric power field by design- 
ing and building the ten most powerful 
tandem-compound turbine-generators the 
world has ever known. Four of these units, 
each with a capacity of 250 mw, are now 
in service, two for the city of Memphis 
and two in the Tennessee Valley Author- 
ity’s Gallatin station. Six more with rat- 
ings ranging from 250 mw to 325 mw, have 
been shipped or are on order. One of these 
six, a 250-mw unit for Consolidated Edi- 
son Company of New York, will be nuclear 
powered. 


The world’s most efficient turbine-gen- 
erator is also being built by Westinghouse. 
It is a 325-mw cross-compound unit soon 
to go into operation for the Philadelphia 
Electric Company at the highest steam 
pressure and temperature in history— 
5,000 psi and 1,200° F. 

Westinghouse is looking ahead to to- 
morrow’s power demands, too—through 
continued research and development that 
will permit construction of still larger and 
more efficient power plants. For example, 
Westinghouse engineers are now evaluat- 
ing a new alloy that has the phenomenal 
tensile strength of 100,000 psi at 1,200° F. 


A $25 million program is now under 
way to expand and modernize Westing- 
house facilities for the production of power 
generating equipment. At the heart of this 
program is a new engineering concept— 
the development of “‘pre-engineered’’ basic 
components for steam turbines. These 
parts can be manufactured in many du- 
plicate sets and assembled like building 
blocks in almost any combination, greatly 
improving manufacturing efficiency and 
lowering costs. 


These are some of many reasons why 
Westinghouse is, and will continue to be, 
a leader in the manufacture of power gen- 
erating equipment. Further information 
on Westinghouse power generating equip- 
ment—or anything electrical—is available 
through Westinghouse Trading Co. (Asia) 
Ltd., 16 Queens Road, Bombay 1. 


You CAN BE SURE... 1F ITS 


Westinghouse 
w) 








| 
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WHEN you buy tapered roller bearings, 

look for the trade-mark “‘Timken”’ stamp- 
ed on the bearing races. It’s the registered trade- 
mark that identifies tapered roller bearings, re- 
movable rock bits and fine alloy steel manufac- 
tured by The Timken Roller Bearing Company. 


When the bearings you buy or use are so 
marked, you're assured of uniform quality, per- 
formance and service—wherever you buy your 
bearings. From the steel right through to final 
inspection, Timken tapered roller bearings are 
made according to highest specifications, serv- 
iced by the recognized engineering experts in 
the bearing industry. 


The Timken Roller Bearing Company, 
Canton 6, Ohio, U.S.A. Cable: ““TIMROSCO”’. 
Timken bearings manufactured in Australia, 
Canada, England, France and U.S.A. 





ill 











Industry rolls on 
® 


REGISTERED TRADE-MARK 


tapered roller bearings 
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An iron 
for 
every 


THE INDIAN IRON 


ne 69 


11iSCO STANDARD FOUNDRY MACHINE CAST PIG IRON 


The basic requirement for the production of any good casting 
is the supply of controlled quality pig iron. The Indian Iron 
& Steel Company Limited, in order to ensure consistent 
quality of the various grades of pig iron manufactured, maintain 
a well-equipped laboratory where qualified personnel conduct 
sample analyses throughout the 24-hour production period. 
Available in 40/45 Ibs. single notch pigs, IISCO Standard 
Foundry Machine Cast Pig Iron comes in many grades to give 
you an iron for all types of castings. 


& STEEL COMPANY LIMITED 


WORKS: BURNPUR & KULTI 
Managing Agents: MARTIN BURN LIMITED 
Martin Burn House 


12, Mission Row, Calcutta-| 
Branches : New Delhi, Bombay, Kanpur. 








Contributing 
to 

better 
living 

for 

you! 





h f Just finished !! Toshiba is proud to announce that it has just 
completed fabrication of the second largest water wheel 
generator in the world. This generator will be used to 
generate 133,000kVA when it is installed in Japan’s new 
Okutadami Power Station. This generator, and all the 
products made by Toshiba from gigantic power plants to 
tiny transistors, are the fruits of more than three-quarters 
of a century of experience in the manufacture of every- 
thing electrical. Toshiba is constantly contributing to 


better living for you! 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan. 
Cable: TOSHIBA TOKYO 
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BUILDING INDIA’S FUTURE 


The complete Penstocks required for the well-known Rihand Hydro-Electric Scheme were 
manufactured and supplied by the Indian Hume Pipe Co. Ltd. from their’ workshop near the 
site of the Project, 

The Company have put up another up-to-date factory at Hadapsar, to manufacture Penstocks 
of any size with mild steel or high tensile up to a wall thickness of 2 inches. This factory has 
a fabrication capacity of over 10,000 tons per annum and will meet with the entire require- 
ments of Penstocks, ail over the country, under the Second and Third Five Year Plans. At 
present, the factory is fabricating huge underground Penstocks for the Koyna Project, which 
are 10° and 17’ in diameter. 














THE INDIAN HUME PIPECO. LTD. A Watchand Group Industry Construction House,Ballard Estate,Bombay I. 
Shilpi ihp 1047 








FROM THE 


Public works 
contractors in many 


parts of the world 


- 


have Foden 


vehicles as standard 


' < e | Fodens have (Ie 


a model for bs 
RO ow 


every job. Psa ys 
EARTH MOVING | oe wee SS 
DUMP TRUCK ai? 
I12 to 210 b.h.p. h : — VE 
oil engine, $ 
8 speed gearbox 
for 40,000 lbs. payload. 


- 


EARTH MOVING DUMP TRUCK 
4 wheeled Dump Truck, powered 

by 94, 112 or 150 b.h.p. oil engine, 

8 speed gearbox for 20,000 lbs. payload. 


CRANE EXCAVATOR CHASSIS 
FOR CONSTRUCTION 


FC 20 Transit Crane Chassis and 
Excavator, powered by 94, 112 


TRACTORS FOR HEAVY HAULAGE re or 150 b.h.p. oil engine. 


150, 180 or 210 b.h.p. oil engine, 
type FGTU 6/25 Tractor Unit, 
for gross train weight of 67,000 lbs. 


INDIAN AGENTS 

Marshall, Sons & Co. (india) Ltd., 

33/1 Netaji Subhas Road, (P.O, Box 22) 
Calcutta-! 

Marshall. Sons & Co, (india) Led., 
Marshalls Buildings, Ballard Road, 

(P.O, Box 124), Bombay-I 


Marshall, Sons & Co. (India) Ltd., 
Marshalls Buildings, Second Line Beach 
(P.O, Box 141), Madras-I 


Marshall, Sons & Co, (india) Ltd., 
“Marshall House’’, Hunuman Road 
(P.O. Box 97), New Delhi 


FODENS LTD ELWORTH WORKS 
SANDBACH CHESHIRE ENGLAND 
London Sales Office: 139 Park Lane, WI 
Telephone: Grosvenor 5932 
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He is the silent 
builder of — 
modern India... 
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He is the man of the hour. Silently and 
steadily he is welding our pipelines and ships, penstocks 
and locomotives, structurals and blast furnaces. On his 

skill depends the efficiency of these projects 


which form the basis of our Second Five Year Plan. 


HE DESERVES THE BEST IN 
ELECTRODES & EQUIPMENT 


and he knows that 
in metal fabrication 
there is an 
ADVANI-OERLIKON 
WELDING ELECTRODE 
for every 


TTT ta 





J. B. ADVANI-OERLIKON ELECTRODES PRIVATE LTD. 
ADVANI CHAMBERS, SIR P. MEHTA ROAD, BOMBAY-1. 

















Amongst the equipment that PEGSON AS USED ON THE RIHAND HYDRO-ELECTRIC PROJECT 


supplied for the Rihand Hydro- AND ON THE FOLLOWING PROJECTS: 
Electric Project were four 12'x4° % KOYNA DAM x VAITARNA DAM x BOLANI ORE MINES 
Double Deck Vibro King Classifying *x DAMODAR VALLEY HYDRO-ELECTRIC SCHEME 


Screens, one 10’ x4’ Single Deck 


scalping screen, 2—48 gyrasphere 


Crushers and one 6’ x 12’ Centre 

Peripheral Discharge Rod Mill. 
Pegson have available a complete 
range of primary, secondary and 


tertiary crushers with capacities up to 


600 long tons (670 short tons) per hour. 
Including jaw, gyratory, gyrasphere, H | 


intercone and double roll type 





machines. Also ninety different sizes 
and types of screens for all duties 


Represented in India by: WILLIAM JACKS & CO., LTD. 


COMPLETE CRUSHING AND SCREENING PLANTS SUPPLIED, PORTABLE OR FIXED 
Built within the Bentley Group by: 


PEGSON LIMITED e COALVILLE e LEICESTERSHIRE e ENGLAND 


Cablegrams: Pegson, Coalville, Leicester, England. London Office: Iddesleigh House, Caxton Street, London, S,W.1., England. 








from scalping to fine classifications. CALCUTTA, NEW DELHI, BOMBAY, MADRAS & BANGALORE Also COLOMBO, CEYLON. 


WORLD WIDE EXPORT 
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ELIN-UNION 


Means Everything for Electric Power Generation, Transmission and Consumption 


Wien - Austria 
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STEEL SHEET PILING ARBED BELVAL 
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LOCK IN THE HARINGVLIET, HOLLAND 


» ALM. 
: SN Fi\ i [Si 


Photo—ANEFO, Amsterdam 
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Manufactured by: 


ARBED 


BELVAL Z 


COMPLETE RANGE OF SIZES 
TO MEET ALL REQUIREMENTS 
HIGH SECTION MODULI 
LOW WEIGHT PER SQUARE 


FOOT 





BELVAL P 


FLAT SECTIONS 
FOR CELLULAR CONSTRUCTION 


LIGHT WEIGHT 


HIGH INTERLOCKING STRENGTH 
BEST DEFINED HOOKING 


ACIERIES REUNIES DE BURBACH-EICH-DUDELANGE 


BELVAL WORKS, LUXEMBOURG 


MONOPOLY OF SALES: COLUMETA, LUXEMBOURG 


Agents for India: 


SHANTA BROTHERS PRIVATE LTD. 


Vaswani Mansions, 


Dinsha Wacha Road, Churchgate, 


BOMBAY-| 


7, Hare Street, 
CALCUTTA-! 


3, Hanuman Road, 


35, Mount Road, 
MADRAS-| 
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ROHTAS INDUSTRIES LTD 


Dalmianagar, Bihar 















TECHNICAL ADVICE 
on all problems in the use of 
cement in construction. 








Consult 


SAHU 
ranut A CEMENT SERVICE 


5, Parliament Street, I8A, Brabourne Road, 


JAIPUR UDYOG LTD. New Delhi Calcutta. 


Sa Madhopur, Rajasthan 
oes oe ; also at 


Lucknow, Chandigarh, Jaipur, 
Bhopal & Patna 


sAHU 
CEMENT 


Organisers 
ASHOKA MARKETING LTD. 
Calcutta, New Delhi, Lucknow, 
Chandigarh, jaipur, Bhopal & Patna 
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PENSTOCKS, PRESSURE SHAFT LININGS 
FOR ALL WORKING PRESSURES 








GIOVANOLA 


Monthey -Switzerland 
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FIFTY YEARS AGO, Sardar Pratap Singh Bhumra, 
now 87, was assembling cranes and electrical equipment 
as India’s first steel works was taking shape 

in the wilderness of Chhotanagpur. 


His son, Jwala Singh, joined the steel works 
me ~ his father helped to build. Drawing upon his mature 
the beg mnins technical skill, he suggested an improvement to 
of a soaking pit cranes which won him a reward 


trad, i tio n the American manufacturers. 
Hari Singh, Jwala Singh's son, imbibed the family 
tradition early in life. A young electrician in 
Tata Steel’s Skelp Mill, he was recently sent to 
Japan to study advanced crane maintenance. 


from Management and appreciation from 
| 
| 


Thus, a tradition of skill is being laid at Jamshedpur, 
where industry is not merely a source of 
livelihood but a way of life. 






JAMSHEDPUR 


THE STEEL CITY 
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NATIONAL CARBON COMPANY (INDIA) LIMITED 


is now named 


UNION CARBIDE 
INDIA LIMITED 


Ui ite}, 
oF No d=} ) 2) = 


TRADE MARK 











UNION CARBIDE INDIA LIMITED 
INDUSTRIAL PRODUCTS SALES DIVISION 
serving Industry with 


‘Union Carbide” Polyethylene e Organic Solvents 
Miscellaneous Chemicals, Plastics and Resins ¢ “Hylam” Laminated Sheets 
Zinc Sheets. Strips and Coils e “Karbate” Chemical Equipment 

“National” Cinema Carbons — 


JWT-UCe2 
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For 


thousands 





of young men 


a new life 





* 
begins at Durgapur Training completed, this 


young apprentice in Durgapur is on his first practical survey job in the field. When he 
becomes an experienced hand, efficient at his work, he will command a good salary 
and will have a future ahead, bright with promise. 
In Durgapur today, ISCON, who are entrusted with the construction of the giant one 
million ton steel plant, have already helped to train up a large group of young Indians 
in the technical field. This is part and parcel of the ISCON scheme of collaboration— 
to work side by side with Indian technicians and workers, to instruct them on 
the spot and in steel factories in England so that in the future India will have, not 
only her steel plants but also technicians to run them. 


ISCON 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. 


Davy and United Engineering Company Limited. Head Wrightson & Company Ltd. Simon-Carves Ltd. The Wellman Smith Owen Eng. 

Corp. Ltd. The Cementation Company Ltd. British Thomson-Houston Co, Ltd. The English Electric Co. Ltd. The General Electric Co. 

Limited. Metropolitan-Vickers Electrical Export Co. Ltd. Sir William Arrol & Company Ltd. Cleveland Bridge & Engineering Co. Ltd. 

Dorman Long (Bridge & Engineering) Ltd. Joseph Parks & Son Ltd. Iscon Cable Group (Siemens Edison Swan Ltd. and 
Pirelli General Cable Works Ltd. ) \ 


BRITISH COMPANIES WORKING FOR INDIA pSIC 6 


Nin SS ETE Ao EN RE TRS eRe eS aT es Se 
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COMPLETE EQUIPMENT 
FOR WATER POWER PLANTS 





Turbines of the Kaplan, Francis and Pelton type for 
various heads and outputs, transformers, generators, 
outdoor and indoor switchgears, control-rooms, etc. 


The world renowned SKODA and CKD Trade marks 
guarantee the first class technica! design and 
quality of equipment supplied by us. We give 
integral guarantees for complete deliveries. 





Local Enquiries to: : 
SKODA (INDIA) PRIVATE LTD. 


Vulcan tnsurance Building, Vir Nariman Road, Sombay-! 


Branches : 
tot ae le P-38, Mission Row Extension, Aquos Feces 
Partamens se eslenca Poses Sood 
Delivered by : 


FOREIGN TRADE CORPORATION FOR EXPORT 
OF COMPLETE INDUSTRIAL PLANTS 
56, Vaclavske namesti, Praha-2 
_ CZECHOSLOVAKIA 





oS ie See Pies 
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FLOATING PUMP-STATIONS 


Particularly suitable for lifting over considerable water-quantities, for inundation, 
artificial irrigation as well as for regulating inland-waters. 


Several pump-units are placed on one float and these press the water in a common 
collecting main. The flexible knee-joints render it possible that the pump-stations 
can be kept in operation during the whole season without being mounted or dis- 
mounted also in the case when water-level rises or sinks. | 


Exporters: 


(+> TECHNOIMPEX «<) 


HUNGARIAN MACHINE INDUSTRIES FOREIGN TRADE COMPANY 
BUDAPEST 62, P.O.B. 183, HUNGARY. Cable: TECHNOIMPEX, BUDAPEST 


For further enquiries also contact: 
2. The Trade Commissioner of the 3. The Trade Commissioner of the 
Hungarian People’s Republic in India, Hungarian People’s Republic in india 
“Revills’’, 45, New Cuffe Parade, Bombay. 229, Lower Circular Road, Calcutta 20. 








1. The Trade Representative of the 
Hungarian People’s Republic in India, 
18, Golf Link Area, New Delhi. 
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HITACHI 


serves the national projects 


One of the leading manufacturers of 
heavy electrical equipment, Hitachi 
Ltd., Tokyo, Japan, have helped to supply 
top quality machinery to many projects * * Lid 
e 


and power houses in India. Two 
photographs show a Hitachi 12000 h.p. 
Kaplan Type water turbine and a 10,000 Sole Agents in India 
__KVA umbrella type generator two = Wij iliam Jacks & Co.Ltd. 
units each of which have been supplied 
to Tungabhadra, one of the major ’ 
hydel projects in South India. Calcutta Bombay Madras New Delhi 


( Incorporated in England. Liability of Members Limited ) 





W)C-358 
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® Fabrication and Erection of 
complete Pipework Installa- 
tions for Steam, Gas, Com— 
pressed Air, Fuel Oil ete. 





Coils for Refrigeration and 
other industrial uses. 





Light Structures of Tubular 
construction. 


Water Well Casing. 














STEWARTS AND LLOYDS OF INDIA private LIMITED [es e- 





: =, ——_ e's 
Head Office: 41, CuowrincHee Roap, P.O. Box 270, Caucurra # = — it, 
: . 4 NGHEE AD, P.U. xX 2/U, UALC f a PE ce A cane eee ee 
TELEPHONE: 44-5224 (7 lines) & 44-1461 — - = 
Works: 39, Hie Roap, Kipperrore, CaLcuTtTa Raw Aaid & fresh Wome Mipsiinn en Tabular Creates, 
TELEPHONE: 45-3515 (3 lines). 
os SLF 40/56 




















With the compliments of: 


Makers of 


Power & Distribution Transformers 
Electric Motors 

Motorised Grinders & Polishers 
Monobloc Pump 


NATIONAL ELECTRICAL INDUSTRIES LTD. 


H. 0. & Works: INDUSTRIAL ESTATE, LALBAUG, BOMBAY-12 








Telegram : “NATELIN” Telephone : 77391 (3 Lines) 
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MILAN ITALY 


Central Mixing Plants and 
Ready-Mix Plants with Manual 
and Automatic Controls. 





Telescopic Tunnel Steel Forms 
and Mobile Mixing and Pouring 
Plants for Tunnel Concrete Li- 
ning. 





Steel Forms for Dams, Bridges, 
Silos, Roads, Airports and 
General Concrete Works. 


Steel Beams for Cement and 
Aggregates. 


Bucket Elevators for Cement 
and Aggregates. 


Concrete Buckets Manually and 
Pneumatically Operated. 


Screw Conveyors for Cement. 


Belt Conveyors for any Length 
and Capacity. 


Pneumatic Conveyors Systems 
for Cement Transportation. 


Sheep-Foot Temping Rollers. 
Radio and TV Towers. 


High Voltage Transmission 
Towers. 





Write for catalogues and information and send inquiries to : 


COMPAGNIA ITALIANA FORME ACCIAIO 


MILAN — ITALY — VIA BOCCHETTO, 3 


Phone: 876'284—877°968 Cable: CrraFoRM 


REPRESENTATIVES WANTED 














Xxil 


“tHe who rides a tiger cannot dismount” 


In Bengal they say: 


(OLD TRADITIONAL PROVERB) 


Neglect of critical machinery in any 
factory can cause more damage than 
all the Bengal tigers put together. 

Look after your machines and they will 
look after you. Treat them badly and 


sooner or later they will let you down. 


One of the best ways of looking after 
complicated and delicate machinery 
these days is to call in Burmah-Shell’s 
Technical Service. Our Planned 
Lubrication Service guarantees that 
every wheel in industry gets the 
correct grease or lubricant in the correct 
quantities at the correct time. And 
our Technical Representatives know 
most of the answers when it 

comes to making sensible economies 
in lubrication overheads. 

So if you are troubled with tigers in 
your factory, why not call in the 
Burmah-Shell Technical Service? You 
will find us very good people to deal 
with, and our service to industry 


is quite proverbial. 
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\n Industry they say: 
“ BURMAH-SHELL for planned lubrication” 


(OLD INDUSTRIAL PROVERB) 
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Messages 








The Indian Journal of Power and River 
Valley Development are doing a real service 
by bringing out a Special Number in January 
1960 devoted exclusively to the Rihand Dam 
Project. The Project situated in proverbially 
the most backward and poorest tracts of our 
State is expected on its completion to change 
the very face of the south-eastern areas of 
the State. No country in the modern age 
can have any claim to advancement without 


adequate industrialisation and for this adequate power is the first 
requirement. With the generation of electricity, the entire area will 
by and by be streamlined with heavy, basic and small industries 
bringing employment to lacs and lacs of people, thus solving the 
problem of their bread and butter. The salvation of our country 
lies in the successful completion of projects like Rihand and I con- 
gratulate all those working towards this end. Posterity will always 
remember them with gratitude for their ennobling work. 
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V. V. Giri 
Governor, Uttar Pradesh 


Having been closely associated with the 
planning and progress of the Rihand Dam 
Project from the very beginning, | am very 
happy to learn that the Indian Journal of 
Power and River Valley Development is 
bringing out a Special Number on the Rihand 
Dam Project in January, 1960. I congratulate 
the Journal on this effort of theirs. Such 
a venture, | am sure, would not merely be 
useful to engineers and administrators but 


also to the general public in enabling them to understand and realise 
the benefits which would accrue from the river valley projects such 
as the Rihand Dam Project. 


HArtiZ MOHD. IBRAHIM 
Minister for Irrigation and Power, 
Government of India 




















Messages 


The Rihand Dam Project, which the Uttar 
Pradesh Government have undertaken, is 
likely, on completion, to bring about consi- 
derable prosperity in an area which formerly 
was among the most backward in the State. 
Already this lone and desolate corner of 
the State is humming with activity which, 
however, will not cease with the completion 
of the Dam. It is a matter of considerable 
Satisfaction to the State Government that a 
large Aluminium Factory is going to be set 
up in that area and this is sure to give a 
permanent fillip to the economy not only 
of the Mirzapur district but also of other districts in the south- 
eastern portion of the State. The importance of the Rihand Project 
in the economy and prosperity of Uttar Pradesh cannot be over- 
emphasised and, for that reason, | am very glad to find that the 
Indian Journal of Power & River Valley Development has decided 
to bring out a Special Number dedicated to this Project. 





The Engineers of Uttar Pradesh have had to face a number of 
intricate technical problems in the execution of this Project and it 
was a challenge to their ingenuity and skill to find solutions for 
difficulties the kind of which they had never encountered before. | 
welcome this Special Number of the Indian Journal of Power & 
River Valley Development also as a tribute to the very fine work 
which our Engineers are performing in a remote and out of the way 
corner of the State under conditions of work and living which 
are by no means easy. 

(Dr.) SAMPURNANAND 
Chief Minister, Uttar Pradesh 


1 am glad to note that the Indian Journal 
of Power and River Valley Development, 
Calcutta propose to bring out another Special 
Number, this time on the Rihand Dam 
Project. The Project would go a long way 
in relieving the acute shortage of power in 
that State. 





My best wishes to the Journal for publish- 
ing a Special Number devoted to this Project. 


J. L. Haru 
Dy. Minister, Irrigation and Power, 
Government of India 
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I am glad to note that the Indian Journal 
of Power & River Valley Development is 
bringing out a Special Number, entirely 
devoted to Rihand Dam Project, a premier 
hydro-electric project in Uttar Pradesh. The 
Journal has been rendering yeoman service 
in disseminating very useful information about 
the development of power and river valley 
projects and is being eagerly received by 
both engineers and the public. | am sure this 


Special Number is also going to be of considerable use to all con- 
cerned. I wish the Journal a grand success. 





M. HAYATH 
Chairman, 
Central Water and Power Commission 





INTRODUCTION 


The special issue is devoted to yet another major valley project 
in the country. The Rihand Hydro-electric Project is situated in 
a region which has remained undeveloped for quite a long time, 
although adjacent areas have been making progress at a compara- 
tively faster pace. Yet, with possibilities of industries like chemicals, 
metallurgy, aluminium, fertilisers, porcelain, paper etc, some of 
which are already under way, this region has a richer potentiality. 
Now that hydro-power from Rihand will be available in substantial 
quantities soon, it will not take much time to cover the leeway in 
progress. 


But hydro-power will not be enough, as it will need to be firmed 
up. That is why, even while the dam rises, there are big plans for 
a major thermal station at Singrauli, with a capacity of 450,000 
kW. The two together, and in association with the DVC and Madhya 
Pradesh Power Systems, and other thermal power stations such 
as at Kanpur and Lucknow, and the Ganga and the Sarda grids, 
the Rihand grid will become the life-line of feverish industrial activity 
in the entire region. In the words of the Prime Minister, who 
has correctly gauged the mood of the people, a dream will have 
come true. 


But a modern dream to be realised in actual life and experience 
of the people needs intensive and accurate planning, and complex 
but competent execution. In this respect the engineers-in-charge 
deserve our fullest encouragement. It is also gratifying to note that 
the chief contractors have given adequate proof of their technical 
capacity against several handicaps. The following contributions 
give not only the technical details of the many facets of the project 
under construction, but also of the features of its construction. 
We are sure this will provide an adequate and authoritative refer- 
ence material for the project as a whole. 
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TURBINE FEED HEATERS 


for regenerative feed-water heating were intro- 
duced by Metropolitan-Vickers (an A. E. I 
Company) in 1916, and more than one thousand 
have since been put into service by the Company, 
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Pioneering of Rihand Dam Project 





FTER the first World War, a reconnaissance of 

the hydroelectric power potential in various 
river valleys of India was carried out between the 
years 1919 and 1923 and it was then considered 
feasible to conserve the energies of Sone river and 
its tributaries for power generation. No sites for the 
construction of dams and power houses were how- 
ever located nor was any project prepared. 

About the same period, the development of power 
potential of the falls on the Upper Ganga Canal was 
commenced and a series of low head hydro power 
stations were constructed. By the year 1935, the 
Ganga hydroelectric grid was established to serve the 
western districts of Uttar Pradesh. The benefits, 
which accrued to the people of these western parts of 
the pradesh, naturally led to the dam and for estab- 
lishment of a similar eastern hydroelectric grid for 
the development of the backward eastern districts of 
Uttar Pradesh. Shri A. P. Watal LS.E., then Execu- 
tive Engineer was placed in charge of the surveys 
and investigations for the purpose. 

The sites for hydro power generation are usually 
located in remote places in hilly terrain full of jungle 
and having little or no means of communication. The 
valleys of river Sone and its tributaries were all the 
more difficult as this part of Uttar Pradesh and 
neighbouring States was, till then, very backward and 
almost trackless and sparsely populated. In the year 
1936-37 Shri A. P. Watal, however, ventured to trek 
down all the distance from Robertsganj across the un- 
bridged river Sone and then up the Rihand river Val- 
* ley, for several days, carrying whatever he could for 
the daily necessities of life and drinking water from 
the road-side ponds. He heaved a well-earned sigh of 
relief and joy when he happened to locate this narrow 
gorge through which the Rihand river passes about 


Shri A. P. WATAL 





By A. C. MITRA 





twenty miles upstream of its confluence with river 
Sone. The site is ideal for a high dam and looks as 
if it was made to order for the construction of a dam. 
It has exposed sound granite rock all along the bed 
and has a very wide valley on the upstream affording 
excellent storage capacity for a comparatively low 
height of dam. The detailed surveys later revealed 
that the storage for a 300 ft. high dam would be 8.6 
million acre ft. 

However, this very promising project was not to 
go through as yet, as the Second World War com- 
menced soon after the discovery of the site. 

By the time the war was over Shri A. P. Watal 
rose to the post of Superintending Engineer, Deve- 
lopment and, in the year 1943, he undertook the 
survey of the site and the Rihand Valley in detail 
and a preliminary project was prepared by him envi- 
saging the construction of a 300 ft. high concrete 
dam, which was considered a bold step at the time as 
dam of this height were then rare in India. The pro- 
ject however, was not yet to be translated from the 
blueprints on to the wonderful gorge. in concrete 
and steel and was shelved once again, as greater 
priority had to be alloted to short term grow-more- 
food schemes in an attempt to mitigate the serious 
food shortage in this country. 

The first Five Year Plan, brought the project into 
lime-light again and sub-surface explorations in 
greater detail were commenced in the year 1952 with 
a view to commence construction of the Project but 
the progress continued to be very slow until the 
year 1954 when the Technical Cooperation Mission 
of U.S.A. came forward to help the Project and 
offered to make available all the foreign exchange 


(Continued on page 8) 
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for internal wiring : 
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Managing Agents : 
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Rihand Hydro-Electric Project and 
Power Development in Uttar Pradesh 














TTAR Pradesh, the land of sacred rivers Ganga 
and Yamuna, from whose waters millions derive 
spiritual solace, is also blessed with resources which 
can be developed to generate electricity. One such 
development began about 35 years ago when the 
water of the Ganga canal, which till then irrigated 
farms and fields, began to be harnessed for the pro- 
duction of power also. Thus a series of hydroelectric 
generating stations was established on the Ganga 
canal, which, between them, have a total generating 
capacity of 45,200 kW. This power is distributed in 
the western Uttar Pradesh and it furnishes light in 
houses, turns the wheel of industry and drives tube- 
well pumps so that fields beyond the reach of the 
canals may also share in the prosperity which irriga- 
tion brings. Thus the foundation has been laid of a 
power system which has the unique feature of gene- 
rating hydro power from canal water which, in the 
past, was utilised only for irrigation purposes. 
Nearly 15 years ago decision was taken to harness 
the water of the Sarda canal and a 41,400 kW hydro- 
electric generating station was set up over this canal 
at Khatima. This power house serves the northern 
part of central Uttar Pradesh and supplemenis the 
power system at Lucknow. To meet the needs of the 
present day and of the immediate future—needs 
which, in a developing economy, are appropriately, 
on a very much vaster scale than was thought of in 


. the past—a 250,000kW hydroelectric scheme, the 


Rihand Project, is taking shape in the south-eastern 
part of the State. The power house will be located at 
Pipri on the river Rihand, a tributary of the Sone. 
Unlike the power projects on the Ganga or the Sarda 
canals, this project will require construction of a 
271 ft. high, concrete gravity dam, 3,254 ft. long,— 
one of the biggest in India. This dam will be located 
in the area so closely associated with the God of 
Engineering, Vishwakarma, of Pauranik age; and this 
seems a good augury for the rapid development of 
industries which is expected in this part of the State. 

The water to be impounded behind the dam, which 
is rapidly nearing completion, will create a lake of 
no less than 180 sq. miles in area having a storage 
capacity of 8,600,000 acre ft. This lake will be filled 
up during the monsoons and water therefrom will be 
available throughout the year for the production of 
power and, what will be no less important, for irriga- 
tion purposes in the areas commanded by the lower 
reaches of the river Sone. It is an interesting fact that 
whenever a river runs naturally and unrestrained, its 
water during the monsoons is of little value for irri- 
gation, and when in heavy flood, it can spread loss 


By K. C. GUPTA 





and suffering, and during the dry seasons the water 
is insufficient to meet the needs of irrigation. On the 
other hand, when the river is restrained by the cons- 
truction of a dam, its flow is regulated and the dis- 
advantages of unrestrained flow disappear. The water 
stored behind the dam is used for production of 
power and by reason of its flow being controlled, it 
can be utilised for irrigation purposes and the waste 
due to unrestrained flow of flood waters to the sea is 
eliminated. 


That, in brief, is the objective for the construction 
of the Rihand hydro-electric project. Power from this 
project will be used for electric traction for the 
State-owned cement factory at Churk in District 
Mirzapur, for industrial purposes, such as, the fac- 
tory for the production of aluminium at Pipri which, 
incidentally, will be the largest in India, for lighting 
houses and for miscellaneous purposes. 


The production of aluminium at Pipri will be a 
great asset. Not only will it save foreign exchange to 
the extent of about Rs. 5 crores or so spent annually 
on the importation of this valuable metal, but it will 
also aid in the setting up of subsidiary industries pro- 
ducing articles made of aluminium, thus providing 
skilled and unskilled employment to thousands of 
work people. As a measure of demand for alumi- 
nium, it may be mentioned that even while the 
original project is in its preliminary stage, steps are 
being taken to increase its production capacity to 
two and a half times the level originally proposed. 
The existing demand for power in the State is so 
great that the entire production from the 250,000 kW 
project has already been fully booked by prospective 
consumers and more power is urgently required. 
Fortunately, adequate deposits of coal have been dis- 
covered in the neighbourhood of Pipri of quality 
suitable for generating electricity. It has, therefore, 
been decided to establish a thermal power house of 
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450,000 kW capacity near the coal fields south-west 
of Pipri. The Rihand area is rich in mineral wealth 
also. Marble, granite, lime stone, mica, bauxite and 
corundum are amongst the minerals which occur in 
quantities sufficient for economical development. 

Thus the natural resources of the Rihand area will 
be developed for production of power where it can 
be produced most economically. This power will be 
transmitted by means of a 220,000 volt super-grid to 
the central, western and north-western Uttar Pradesh 
and along its route it will link up with the major 
power houses at Kanpur, Harduaganj and eventually 
with the hydroelectric power houses to be cons- 
tructed for the utilisation of the hydroelectric poten- 
tial of the Yamuna and Ramganga rivers in the north- 
west of Uttar Pradesh. The Rihand project in the 
south-east of Uttad Pradesh thus becomes the start- 
ing point of a major power system which will spread 
itself right across the State reaching up to its north- 
west areas, serving people all along its route and 
across by means of subsidiary lines. The years imme- 
diately ahead, thus, bear a rich promise of harnessing 
the bounties nature has provided in the shape of 
hydroelectric resources and mineral wealth for the 
economic betterment, prosperity and happiness of the 
people. 


(Continued from page 6a) 
PIONEERING OF RIHAND DAM PROJECT 


required for the construction plant for Rihand Dam, 
and also any technical help required. Thereafter, 
global tenders were invited for the construction of 
the Dam and appurtenant works and the contract 
was awarded to Messrs. Hindustan Construction Co. 
Ltd., in April 1955. 


The construction plant was set up during the 
course of the next two years and the first bucket of 
concrete was laid in April 1957. Since then, the work 
is progressing round the clock and according to 
schedule—in fact a little in advance of schedule. 
Power is expected to be available from the project 
by the end of the year 1961. 

The availability of this large block of power 
(250,000 kilowatt installed capacity) at economical 
rates is expected to result in rapid industrialisation 
of the State and help in supplying electric power to 
the economically backward eastern and _ south- 
eastern parts of the State. In fact all the Rihand Pro- 
ject water has already been earmarked and investiga- 
tions have already commenced to establish more 
hydro and thermal power stations in this and other 
areas of this State. 
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Geology of the Rihand Dam Project 





IGHT since the inception of the Rihand Dam 

Project in Uttar Pradesh in 1943, the geologists 
of the Geological Survey of India have been in- 
charge of the geological investigations and have been 
apprising the engineers of the various geological 
factors influencing the design and construction of this 
major hydro-electric structure in U.P. which would 
generate 2,40,000 kW. 

In this article it is proposed to review the geologi- 
cal features influencing the sequential development 
of the project as from planning, site selection, preli- 
minary and detailed design stages to the stage of 
construction now under way. 

Shri D. R. S. Mehta, Geological Survey of India, 
after a preliminary survey during 1943, suggested the 
shifting of the alignment of the dam from the zone of 
Bijawar phyllites, to the zone of gneissose granite 
situated about a mile further downstream of Pipri 
village. Later, between 1946 and 1952, Shri S. P. 
Nautiyal formulated the exploratory programme for 
the final selection of a suitable alignment for the dam 
within the 600 ft. wide band of the gneissose granite, 
and for the assessment of construction materials. He 
was assisted in this work by Sarvashri G. Kohli, S. C. 
Awasthi, M. S. Jain, B. P. Tewari and S. S. Misra 
of the Geological Survey of India, and Shri B. R. N. 
Murthi, a geologist of the Rihand Dam Project 
appointed by U.P. Government. Since 1954, the 
writer has been associated as the Resident Geologist- 
in-charge with the investigations relating to the 
design and construction stages. He was assisted by 
Shri R. S. Verma between 1954 and 1956 and by Shri 
B. L. Gupta of the Rihand Dam Project since 1957. 

The geological investigations have been carried out 
under the guidance of Dr. J. B. Auden between 1944 
and 1952, and Dr. P. K. Ghosh between 1953 and 
1955 and later under the supervision of Shri P. C. 
Hazra. 


LOCATION 


The 250-foot high Rihand Dam under construction, 
across Rihand river, a tributary of the Sone, is located 
near Pipri village (Lat. 24°12’30”:Long. 83°0'30”) 
in the Duddhi Tahsil, Mirzapur District. It is about 
100 miles south of Mirzapur and is accessible by 
metalled road. 


Recently Churk, which is about 48 miles north of 
the dam-site, where the U.P. Government Cement 
Factory is located, has been connected by a broad- 
gauge-railway with Chunal station on the Calcutta- 
Delhi chord line. The proposal for extending this 
railway up to Garhwa Road in Palamau District. 
Bihar, passing through Pipri has been recently 
sanctioned. 


By G. S. M. RAO 


PROJECT FEATURES 

Straight gravity 

concrete — struc- 

ture 

250 feet above 

the river bed 

level 

3064 feet 

2009 feet 

straight 

456’—0” — Right abutment curve: Radius 1800’; 
Angle at centre 20°5’51” 

600’—0” — Left abutment curve: Radius 750’; 
Angle at centre 45°50'12”. 


— 


. Type of dam 


to 


. Height of the dam 


Ww 


. Length of the dam 
4. Base line of dam 


5. Length of the spillway 624 feet 

6. Length of the East Non- 1350 feet 
overflow section 

7. Length of the West Non- 690 feet 
overflow section 

8. Intake 400 feet 

9. Bed level R.L. 630 

10. Top of dam ... R.L. 880 

11. Crest elevation of the spill- .... R.L. 852 


way 

12. Gross storage at Elev. 880 8,600,000 acre 

ft. 

13. Surface area of the reser- 180 sq. miles 
voir 

14. Catchment area of the Ri- ... 
hand above the dam-site 

15. Annual run-off average 6,060,000 Acre 
yield ft. 

16. Average annual rainfall 55 inches. 

17. Maximum discharge con- 5.7 lacs. cusecs. 


sidered for spillway design 


5,000 sq. miles 


Starting from the right abutment, the dam com- 
prises of 61 independent blocks of variable widths 
located side by side with ungrouted joints. 


GEOLOGY OF THE DAM-SITE AND THE 
RESERVOIR 


The country rocks belong to the Bijawars (Lower- 
Cuddapahs) and the transition series. The southern 
half of the reservoir is mostly composed of the 
gneisses of the transition stage. A few outcrops of the 
Talchir Boulder-bed and shales of the Lower Gond- 
wanas are also found on either bank of the Rihand 
river, about 2 miles upstream of the dam-site, which 
gradually broadens out further West. A fringe of 





10 INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 


Barakar formations, comprising mainly sandstones 
and shales, extends 2 to 4 miles into the reservoir to- 
wards its north-western boundary (Plate I). 


The following sequence of rock formations are met 
with at the dam-site and its vicinity, arranged in 
order of superposition :— 

5. Quartzites (mostly of the nature of quartz- 

breccia) 

. Amphibolites 

. Phyllites and schists 
. Injection gneisses 

. Granites 

For limiting the size of this article it is felt that 
only a brief review of the characteristics of the for- 
mations, which form the foundation of the dam, 
would be adequate for understanding their implica- 
tions in the design and construction of the dam. 


—Nrmw 


Granites 

These include massive gneissose granites, aplites 
and quartz-veins together with thinly foliated gneis- 
sose granites. 

Massive gneissose granites constitute the major 
portion of the foundation of the river-bed and abut- 
ments of the proposed dam. These being quite com- 
pact and hard, are resistant to weathering, except 
where the gneissose texture is well developed. 

Thinly foliated gneissose granites: They are almost 
similar to the massive gneissose granites except for 
their foliated nature and variation in the crystallinity 
resulting from intense shearing. Such types are found 
in the right abutment between R.L. 660 and 720 and 
above R.L. 800. 

Alternating bands of massive and thinly foliated 
gneissose granites are found on the upstream side of 
the dam with their strike varying from E.-W. to 
E.S.E.-W.N.W. with dips at 50°-80° towards south. 

The gneissose granite is greyish in colour and 
coarse to medium grained in texture. It generally 
trends 110°-290° and has developed pseudo-bedding 
planes with dips varying from 70°-80° towards south. 
The dynamic metamorphism has resulted in the deve- 
lopment of numerous joints of which those with 
N.W.-S.E., N.N.E.-S.S.W., and E.S.E.-W.N.W. trends 
are most pronounced. Prominent sheeting and shear- 
ing are seen along some of the joints of which those 
trending N.E.-S.W. are most conspicuous. Shearing 
along the joints, which is responsible for deep wea- 
thering, is seen in the abutments. Slick fractures, 
seen along some of the joints, are indicative of move- 
ments and minor slips of the rock mass. 


Injection Gneisses 

These represent the granitised slate and phyllites 
of the area and exhibit the characteristic banding 
resulting from lit-par-lit injection. These have an 
E.-W. trend with Cips of 65°-75° towards south. 


Local foldings and flextures are apparent at places. 


The contact of the injection-gneiss with the gneis- 
sose granite is clearly seen towarcs the downstream 
toe of the dam. These formations strike 105°-285° 
and dip at 60° towards upstream at the contact. Some 
shearing along the contact is seen at the power-house 
site. 

In addition to the above two major formations, 
minor bands of phyllites, quartz-chists, mica-schists, 
amphibolites, aplites and quartz-veins are also en- 
countered in the foundation area of the dam. 


PLANNING STAGE INVESTIGATIONS 

Investigation of the Dam-site and Reservoir area: 
The reservoir, spreading over an area of 180 sq. miles, 
has been geologically mapped on one inch to one 
mile scale. The surveys did not reveal occurrence of 
any major mineral deposits of economic value within 
the reservoir. Possibility of any leakage from the re- 
servoir has also been ruled out. However, the scope 
for any enlargement of the reservoir by the construc- 
tion of a higher dam is restricted by the occurrence 
of the Kota coal-fields at the reservoir rim, which, if 
submerged, would deprive the country of a valuable 
source of medium grade coal, and the corrundum 
deposits at Pipra in Madhya Pradesh. 


SITE-SELECTION STAGE 
INVESTIGATIONS 

During 1944, after a geological reconnaissance, the 
shifting of the proposed dam alignment from the 
zone of Bijawar phyllites, further downstream, to the 
600-foot wide gneissose granite band within the gorge 
was suggested. The gneissose granite band, striking 
E.-W. across the river, was found to be closely join- 
ted and foliated at places due to the intense regional 
stress which resulted in the development of pseudo- 
bedding planes dipping at 70°-80° towards the up- 
tream (south and south-west). The close jointing 
combined with the foliation and shearing of certain 
zones accentuated deep weathering at places in an 
otherwise fresh and sound granitic terrain. Hence, to 
locate the most economical alignment, based on the 
depth to sound rock, existence of weak zones, con- 
tact of the different rock types and the foundation 
treatment necessary, no less than seven different align- 
ments between Kukri Howa hillock on the left bank 
of Rihand and the hillock on the opposite bank were 
explored by drill holes, trenches and test pits. 


On the basis of relative economics, the alignment 
suggested by Dr. J. L. Savage, Consulting Engineer 
from the U.S.A., was accepted in 1948. This align- 
ment has a N89° 10’W trend in the river bed portion 


which curves downstreamwards above 700 ft. con- 
tour at the left abutment, and above 780 ft. contour 
at the right abutment. These curves, being transverse 
to the topographical contours, would reduce the 
length of the dam. This axis was explored in Cetail 
by 13 drill holes located at intervals of about 200 ft. 


| 








| 
| 
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In the gneissose granite of the right abutment, drill 
hole No. 32, located at R. L. 835, indicated the depth 
to sound rock to be about 84 ft. and along drill hole 
No. 34, located at R.L. 914, sound rock was encoun- 
tered at a depth of 57 ft. Hence, a composite dam 
with an earthen section in the highly weathered zone 
of the right abutment was proposed. 

Owing to the paucity of suitable earth materials in 
the vicinity of the dam-site and also the advantage of 
having a strong uniform structure which would avoid 
the complexities involved in the construction of a 
composite dam, a thorough exploration of the right 
abutment was undertaken during 1954. This enabled 
the final selection of the present alignment for the 
construction of an all concrete cam (Plate II). 

The layout of the final alignment is straight in the 
central portion for a length of 2009 ft. At the 
right abutment, the alignment, comprising a length 
of 456 ft., is curved with a radius equal to 1800 ft. 
and subtended angle equal to 20°5’51”. At the left 
abutment section, comprising a length of 600 ft., the 
alignment is curved with a radius equal to 750 ft. 
having a subtended angle equal to 45°50'12”. 

Exploration of the Cam-site for the selection of a 
suitable alignment involved drilling of about 110 
diamond drill holes aggregating to about 7000 run- 
ning feet; geological interpretation and correlation of 
which enabled the final selection of a suitable align- 
ment. The detailed geological studies enabled the 
geologists of the G.S.I. to suggest the possibility of 
constructing a concrete dam after the treatment of 
weak zones and with a slightly modified alignment 
in preference to the originally proposed composite 
dam with an earthen section in the right abutment 
because of the excessive depths of weathering (about 
80 ft.) of the foundation rocks. 


DETAILED DESIGN STAGE 
INVESTIGATIONS 


In order to get a correct picture of the foundation 
levels to be attained to reach the final foundation 
grade, the sub-surface geological data, obtained during 
the exploratory stage. were further augmented by 
Crilling additional 70 holes aggregating to about 2400 
running ft. The extent of water tightness of the foun- 
dation rocks was determined by percolation tests 
through about 200 drill holes totalling a footage of 
over 10,000 ft. 


In addition to the weathering of granite, which 
constitutes a major defect in the foundation, the pre- 
sence of open joints, shear zones, and the contact of 
the granite with the injection gneiss at the down- 
stream toe of the dam, were studied in detail during 
foundation stripping involving removal of nearly 24 
million cubic ft. of rock. The behaviour of these 
adverse features at depths was further studied with the 
help of drill cores and percolation tests which indi- 
cated that the joints and contact planes became tight 
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at depths. Grouting along critical zones indicated 
that while the joints are tight at depth and consumed 
very little grout, the shear zones required appreciable 
grouting indicating their openness. The geological fea- 
tures of the different sections, which influenced the 
design of the dam, are briefly summarised below. 


Eastern Non-Overflow Section 


This section starts from the right abutment and 
comprises blocks | to 27 covering a length of 1350 ft. 
of the dam. In this region, altogether 54 holes have 
been drilled from which the probable sound rock 
contours have been interpolated. The area is mostly 
composed of gneissose granites and injection gneisses 
with minor pockets of phyllites, mica-and chlorite- 
schists found as inclusions within the granites. Two 
sets of joints, one dipping at 25°-30° upstream and 
the other at about 20° downstream, are prominent. 
In addition to these, there are vertical joints with 
sheared and crushed zones varying in width from 2 
to 8 ft. These are very prominent, above R.L. 800, on 
account of which the weathering pattern has been 
very irregular. Often shearing along the joints has 
resulted in the formation of seams of weathered rock 
of varying thickness below fresh rock. Such seams are 
exposed in the exeavated foundation of blocks 19 
to 26. 


In view of the above nature and disposition of the 
weathered zones, it was suggested that a specification 
governing foundation stripping may be laid down 
indicating the special circumstances in which some 
of the weathered rock could remain in the founda- 
tion of the dam. 

At the right abutment, stripping in certain zones 
upto the sound rock was found to be uneconomical 
because of the deep weathering of granite. Moreover, 
in view of the very low height of the dam in this sec- 
tion, it was felt by the project engineers that very 
deep excavation for the ideal foundation grade was 
not necessary. Moreover, the weathered granite had 
indicated a crushing strength of about 6000 Ibs. per 
sq. inch after 72 hours of soaking and the maximum 
stress in this section of the dam is not likely to be 
more than about 70 Ibs. per sq. inch. Therefore, it 
was decided by the engineers that excavation upto 
the fresh rock was unnecessary. 

Along zones, where weathered rock underlies the 
fresh rock, it was decided that the weathered rock 
should be excavated down to twice its thickness and 
then back-filled with chilled concrete. Where neces- 
sary, further consolidation was proposed by grouting 
through closely spaced drill holes after thorough 
washing. 

In blocks nos. 18 and 26, the injection-gneiss is 
found to extend about 8 to 40 ft. south of the down- 
stream toe of the dam. It has numerous prominent 
pockets of biotite-chlorite-schist and amphibolite. 
Between blocks 23 and 26, the amphibolite appears 
to have been much sheared and is almost chloritic. 
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Numerous stringers of quartz-veins are found here 
with disseminations of chalcopyrite and pyrite. 


Most of the vein-quartz, encountered in the area, 
have a shattered appearance. This feature together 
with the occurrence of the slick fractures along some 
of the joint planes, suggest the possibility of there 
being relative movements and minor slips of the rock 
formations, accompanying a fault whose existence in 
the vicinity of the dam-site is suspected by the exis- 
tence of shear zones, faulted quartz-veins and slicken 
sides. 

Final foundation levels of the Eastern non-overflow 
section would vary between R.L. 830 and R.L. 610. 

The power house foundation area comprises a 
length of 400 ft. covering blocks nos. 28 to 33. Here 
too the gneissose granites and injection-gneisses with 
minor bands of amphibolites and mica-schists form 
the rock types. Here, portions of the amphibolites 
and mica-schists have been rencered very soft and 
have an almost clayey appearance due to intense 
shearing and weathering. This zone appears to taper 
off towards the downstream western edge of block 
30. In this area, 13 holes were drilled which have 
indicated that the sound rock levels in this zone vary 
between R.L. 633 and 598. 


The foundation of the spillway section of the dam 
comprises a length of 624 ft. extending from block 
no. 34 to 46. Gneissose granite is the main rock type. 
The injection-gneiss is found to extend at the down- 
stream end of blocks 34 to 38. Between blocks 34 and 
24, several deeply weathered zones are found, which 
may be due to fluctuations in the river flow. Pockets 
of biotite-and chlorite-schists and phyllites are also 
found within the gneissose granites. 

The outcrops of gneissose granites in the perennial 
channel are spheroidal and rugged because of nume- 
rous large-sized pot holes. In the foundation of the 
spillway 43 holes have been drilled which indicated 
that the final foundation levels vary between R.L. 641 
and 600. 

Along block 34, which was originally the perennial 
channel until the river was diverted to flow through 
block 25 in March, 1956, large outcrops of fresh mas- 
sive granite were seen. From their surface examina- 
tion, it had earlier been thought that no excavation 
would be necessary in the river bed portion except for 
purposes of anchorage. These exposures of granites 
have been affected by horizontal joints which have 
promoted weathering of the underlying rock. Three 
drill holes located along the block in¢icated the pre- 
sence of sound rock at depth varying from 8 to 20 ft. 
thereby necessitating excavation in the river bed por- 
tion also. 


Of the 43 holes that were drilled in the spillway por- 
tion of the dam, 12 revealed high leakage curing per- 
colation tests, indicating that there are potential 
zones of seepage which should be successfully sealed 
off by grouting. 


. 
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Western Non-Overflow Section 


This comprises a length of 690 feet, extending 
from block no. 47 to 60 and terminating at R.L. 880 
on the left abutment. Gneissose granite comprises 
the major portion of the foundation. Inclusions of 
squartz-schist are found within the gneissose granite. 
These are thinly foliated, highly disturbed and are in 
places partially granitised. 

Closely spaced vertical joints are prominent above 
R.L. 700. Weathered clayey seams of thickness vary- 
ing from 2” to 10” are found along joints and frac- 
tures intercepting the vertical joints and dipping at 
angles varying from 25° to 40° towards downstream. 

The Cam would be founded on granite while the 
power house would be founded on the injection- 
gneiss. . The junction between the granite and the 
injection-gneiss is discontinuously sheared. Explora- 
tory drilling revealed that the shearing dies out at 
R.L. 590, i.e., about 40 ft. below the original river 
bed level. In addition to the shear zone at the con- 
tact of the granite with the injection gneiss, there are 
7 prominent cross shear zones extending from 
the axis to the toe of the dam. These dip at an angle 
of 55° to the south and southwest. These shear zones 
have influenced the final foundation levels and have 
received special attention in foundation treatment to 
guard against the possibility of their acting as con- 
duits for the seepage of the reservoir water below the 
dam. The Rihand dam-site lies within the isoseis- 
mals VIT and VIII of the Bihar-Nepal Earthquake of 
1934. Hence, a seismic factor of .1 g was recommen- 
ded to be adopted in the designs. 


CONSTRUCTION STAGE INVESTIGATIONS 


Due to favourable geological conditions, gereral 
consolidation grouting was found to be unnecessary 
and only the discontinuous thin shear zones, observed 
at the axis of the dam and at the toe dipping at low 





Fig. 1.—Trenching along the shear zone in block 
No. 28. 
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angles towards the upstream and the downstream 
(Fig. 1) respectively, were proposed to be grouted and 
were provided with fillets where necessary. 


A high-pressure-grout-curtain, which would extend 
to a depth of 100 ft. in the river bed and 75 ft. in 
the abutment, is being provided. 


The sheared contact of the granite with the injec- 
tion-gneiss in the power-house portion was explored 
and found to die out at R.L. 590 in depth although 
at the surface it appears to extend upto the quar- 
ry located nearly 3 miles to the west of the dam, 
where also the shearing of the granite and its con- 
tact with the injection-gneiss is clearly seen, along 
with the mineralized zone of pyrite, chalcopyrite and 
pyrrhotite. 

The sheared zones and weathered seams extending 
below fresh rock are being treated by excavation 
according to formula depths and back-filling with 
chilled concrete (Fig. 2). Consolidation grouting is 





Fig. 2—Thin shear zone seen in the downstream wall of 
the left abutment. 


being done along the shear zones. Heavy grout con- 
sumption in some of the holes, located along the 
shear zones in the left abutment, has confirmed the 
possibility of their effective consolidation by grouting. 
The geological features of the foundation during the 
progress of excavation and prior to the concreting of 
the blocks are being regularly mappe? on large scale 
by the resident geologist to enable the engineers to 
formulate the treatment of any weak zones prior to 
concreting, and also for future guidance in case of 
any necessity for treatment during the operation of 
the dam. 


INVESTIGATIONS FGR CONSTRUCTION 
MATERIALS 
Coarse Aggregate: During June, 1954, after review- 
ing the availability of construction materials and their 
relative economics, a high-powered commission, ap- 
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pointed by the Government of India, decided to cons- 
truct a concrete dam in preference to a stone masonry 
one. This decision was taken not because of the 
shortage of rubbles for masonry but because of the 
other technical and economic aspects. 


The Rihand Dam would need about 63.3 million 
cubic feet of concrete which is supposed to be greater 
than the quantity neeced in the construction of all 
the seven pyramids of Egypt. In the absence of appre- 
ciable gravel deposits near the dam-site, location of 
a suitable quarry in the granites for about 60 m.c.ft. 
of aggregate was undertaken with the aid of detailed 
geological explorations. 


Alhough the vicinity of the dam-site abounds in 
scattered hillocks of granite on the upstream side, a 
single source which could feed the gigantic crushers 
with a capacity of 120,000 c.ft. per day had to be 
located for economic working. The occurrence of 
injection-gneisses and phyllites on the downstream 
side of the dam consi¢erably restricted the possibility 
of locating a course aggregate quarry in the vicinity, 
without being flooded by the reservoir. 

After detailed exploration, the quartzites of Bhoma 
Pahar and Rakshi Hill on the right bank were found 
unsuitable because of their being highly crushed, thus 
giving rise to smaller-sized aggregate on crushing, 
moreover, secondary silicification of the quartzites 
might also promote alkali-aggregate reaction. 

The granite band of the Chunawa nala on the right 
bank of Rihand, on exploration by drilling, was 
found to be capped by an overburden of nearly 40 
feet on an average. As the quarry would have to be 
operated from within the reservoir, prevention of 
flooding during advanced stages of construction 
would involve expensive protective measures. Hence, 
the granite band of the Makara hillock situated at 
R.L. 1250 at about 24 miles from the dam on the left 
bank was explored in detail by about 30 drill holes 
totalling about 3000 running feet. This deposit has 
been found suitable and is being quarried now. 

Fine Aggregates: The sand bars in the river bed 
both upstream and downstream of the dam were exa- 
mined and the reserves were estimated to be capable 
of meeting the demand for fine aggregates. The sand 
with a F.M. of 2.4, which is free from deleterious 
ingrecients, was recommended. But owing to the 
necessity for blending the various grades and stock 
piling, the contractors found it more economical to 
crush the granite for the production of fine aggregate. 
However, later it was found that mixing of the river 
sand with crushed granite was inevitable as the manu- 
factured sand was not properly graded. 

Pozzolanic Material: The Bijawar phyllites and the 
Barakar clays, occurring in the vicinity of the dam, 
suspected to be possessing pozzolanic properties, were 
investigatec. As these required calcination and also 
as the results from the samples were not very encou- 


(Continued on page 22) 
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General Design and 
Construction Features 


of the Rihand Dam 





IHAND River Project will utilise the potential 

energy of the water flowing down the Rihand 
river which is a tributary of river Sone. The construc- 
tion of a 306 feet high concrete dam has now com- 
menced to achieve the object. The site of the dam lies 
in Mirzapur district near Pipri about 100 miles from 
Mirzapur. The river passes through a narrow gorge 
in a length of about a mile and a half and the particu- 
lar site in the gorge selected for the construction of 
the dam is almost ideal for a high concrete dam, 
having fresh massive granite rock exposed in the river 
bed free from fissures and faults. Suitable construc- 
tion materials are also available in close proximity 
on either bank of the river. 

The Rihand river above the cam site drains an 
area of 5148 square miles with an average rainfall of 
about 56 inches per annum. The maximum recorded 
flood is of the order of 4.5 lakh cusecs whilst the 
minimum flow during the 10 years of record is 
about 50 cusecs. The average annual run-off at the 
site works out to about 5.13 million acre feet out of 
which almost 90% occurs during the monsoon months. 
All this inflow will be collected in the lake formed by 
the Rihand dam which will have a capacity of 8.6 
million acre feet and an expanse of 180 square miles. 
The water so collected will be utilized to generate 912 
million units of electrical energy every year by the 
construction of a power house on the downstream of 

*the dam having an ultimate installed capacity of 
300,000 kilowatts. The power so made available will 
be used for industries, for pumping water from tube- 
wells and rivers for irrigation, and for urban electrifi- 
cation in the state of Uttar Pradesh. The supplies of 
river Sone thus augmented by water released from 
Rihand reservoir can further be picked up by the 
Bihar State and utilized for irrigation and power gene- 
ration. 


GEOLOGY OF THE SITE 

Extensive geological surveys and sub-surface explo- 
rations have been done at the dam site. The type of 
rock in the river gorge is mainly phyllites, mixed with 
streaks of gneissose granite, one band of which is 
600 ft. wide along the river and is very prominent. 
Sub-surface explorations of this granite band have 
revealed no fault planes or objectionable joints or 
fissures and it, therefore, presents an ideal foundation 
rock for the dam. No blanket grouting will be neces- 
sary by way of treatment of the foundation rock, ex- 
cept in a few locations where joints or seams are 
encountered. 


by S. K. JAIN 


TOPOGRAPHY 

The valley of the river upstream of the gorge in 
which the dam has been located is very wide and 
the average slope in the river bed in the vicinity of 
the dam is only 3.5 feet per mile. The capacity and 
the surface area of ‘the Rihand reservoir at various 
elevations have been computed and are shown in 
figure 1. A lake 180 square miles in area will be 
formed by 306 feet high dam giving a storage capa- 
city of 8.6 million acre feet which is more than the 
capacity of the 740 feet high Bhakra dam. 

The non-monsoon flow of the river at the dam site 
diminished to 50 cusecs only and is confined in a 
very narrow channel and has the minimum water sur- 
face elevation at 630. The highest flood level so far 
recorded is 668.00, at which elevation the water 
spread at the dam site is 1200 feet. The right bank of 
the river rises gently above the river level while the 
left bank rises rather steeply. The length of the dam 
at the crest will be 3065 feet. 

The general contours of the site are shown in figure 
2 which indicate that the river hugs the left bank 
downstream of the dam site, and the spillway, there- 
fore, must preferably be located on this flank of the 
dam. The noses of the slightly jutting out spurs at 
the two banks are evidently most suitable to form 
the abutments of the dam. 


HYDROLOGY 


As is usual with such projects, the hydrological 
observations in the catchment of the river com- 
menced when the project was actually envisaged in 
1945. We have by now 12 years observation of gauges 
and discharges of the river from which data the 
gauge and discharge relationship for the river has 
been developed. Rainfall records, however, extend 
much farther back to the year 1903 which have been 
utilized for making a long term analysis of the 
available supplies in the Rihand river at the dam site 
by establishing a relationship between weighted ave- 
rage rainfall in the catchment and the run-off. 

Rainfall records of only two stations were avail- 
able from year 1903 to 1912, three stations from 1913 
to 1923, four stations from 1924 to 1931, six stations 
from 1932 to 1944 and fifteen stations from 1946 to 
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1949 and five stations from 1949 to 1954 and again 
only four stations in 1955. 

The values of monthly weighted average precipi- 
tation over the catchment have been computed for the 
year 1902 to date on the basis of weightage for each 
station being obtained by Thiessen’s polygons drawn 
for each combination of station on record from year 
to year. Incidentally the values of weighted precipi- 
tation computed on the basis of any number of sta- 
tions in a year (2 to 15) have a variation coefficient 
of 1%, only which establishes the usefulness of the 
Thiessen’s polygons. 

Weighted precipitation run-off relationship has been 
established from the observed data of Rihand river 
over a period of 10 years, by plotting on a log scale, 
the cumulative figures of (precipitation minus runoff) 
ic. ‘losses’ against cumulative weighted average pre- 
cipation commencing Ist June, to end of June, July, 
August, September, October and May of the next 
calendar year (figure 3) for each hycrological year. 
The relationship so worked out corresponds to the 
equation R=P-1.17(P) "*** where R=Run-off and 
P= Precipitation i.e. rainfall. By the use of this rela- 
tionship and having known the values of P since the 
year 1903, the run-off of Rihand River has been com- 
puted for all the years since 1903 to determine the 
power potential of the river. 

Earlier an attempt was made to correlate the hydro- 
logy of the Rihand river with the Sone, for which 
actual run-off records are available at the Sone Canal 
Headworks (Dehri-on-Sone) about 90 miles down- 
stream of the confluence with the Rihand. This study 
indicated that runoff of the Rihand river at dam site 
is equal to 27% of run-off of the Sone river at Dehri- 
on-Sone for the non-monsoon season and it equals 
Rs X P, 

Ps 
denotes the Sone river and the suffix ‘r’ denotes the 
Rihand river. 


for monsoon season where the suffix ‘s’ 


The values of run-off obtained by this earlier 
method were about 10% higher than those now com- 
puted on the basis of observed cata of Rihand river 
itself. 


ESTIMATION OF MAXIMUM FLOOD 


As already stated, on account of meagre hydrolo- 
gical data it was quite a problem to determine the 
value of the maximum probable flood to be taken 
as the design flood and also the value of the maxi- 
mum flood to be safeguarded against causing failure 
of the dam. 

Evidently a spillway and the dam, designed for the 
maximum possible flood (i.e the largest flood that can 
theoretically occur at a given site of the dam over pre- 
sent geologic and climatic era) would eliminate all 
known chances of failure but the cost of such a pro- 
vision would be rather excessive. A practical and 
economical proposition is to design the dam and spill- 


ways safe for the maximum probable flood (ie. the 
largest flood that can reasonably be expected at the 
site) and to provide complete security (against over- 
topping of the dam as well as against failure of the 
dam due to the tensile stresses at the heel of the dam 
exceeding reasonable safe limits) in the event of occur- 
rence of the maximum possible flood. 

The value of peak of maximum flood for Rihand 
Dam has been calculated in various ways namely (i) 
by Manning’s formula using the data obtained from 
local physical indication such as flood marks etc. (ii) 
by the fourteen available empirical formulae, (iii) by 
unit hydrograph method (iv) by developing an envelo- 
ping curve for the peaks of floods throughout the 
world. The figures of peaks obtained by these 
methods are: 

By Manning's formula and local phy- 
sical observations. 

By emp.rical formula Myer’s 

By empirical formula Dicken’s 6, 10,000 

By Unit hydrograph methods 6,10,000 

Regional enveloping flood Q=46 x 100(A)°®5% 

7,45,000 __,, 

1,31,000 x A 
~ (107+ A)®*8 
= 8,41,000 

The unit hydrograph method is the most rational 
and provides for reasonable safety in the assump- 
tion of a higher rainfall intensity of 15” in 24 hours 
instead of 10” in which region the Rihand dam site 
lies according to the rainfall map of India. The peak 
flood obtained by this method works out to 6,10,000 
cusecs which figure has been adopted as the peak of 
desiga flood for Rihand cam. It has, however, been 
ascertained that the world enveloping peak of 8,41,000 
cusecs would also be routed with sufficient free board 
to prevent even wave wash splashes on the top of the 
dam and without developing tensile stresses in ex- 
cess of 25 lbs./sq. inch at the heel of the dam. As a 
matter of fact the rarity of occurrence of maximum 
possible flood is now recognised every where so much 
so that for concrete dams a calculated structural 
damage is allowed during the passage of maximum 
ever possible flood, provided that the security of the 
dam is not jeopardized. 

The hydrographs for the world enveloping flood 
with a peak of 8,41,000 cusecs has been developed 
on the similarity of design flood hydrograph and is 
expected to be as shown in Figure 4. 


4,600,000 cusecs 
7,18,000 is 


World enveloping flood Q 


TYPE OF DAM 


Excellent foundation conditions and the non- 
availability of good soil for the construction of earth 
dam, limited the choice of the type of the dam 
between two alternatives, namely, the gravity or a 
multiple arch. Design stucies, however, indicated that 
the multiple arch type would have been as costly as 
the gravity type whereas it would have had two dis- 
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RIHAND PROJECT NUMBER—JANUARY, 1960 


tinct disadvantages, firstly that it would not have 
been able to carry a roadway on its top and secondly, 
that it would not have permitted an overflow spillway 
which would have, therefore, been located on a saddle 
on left abutment requiring deep excavation and exces- 
sive expenditure. Gravity type of dam was, therefore, 
the obvious choice. There was, however, a contro- 
versy of concrete versus masonry but overall econo- 
mics and safety considerations, including expediency 
in construction and availability of suitable material 
and cement nearby, ultimately led to the decision in 
favour of concrete structure instead of masonry dam. 


HEIGHT OF THE DAM 


The height of the dam depends on six factors : — 
(i) Geological features and foundations. 

(ii) Safety. 

(iii) Economics. 

(iv) The precipitation and run-off available from 

the catchment. 

(v) Topographical features and elevations of sad- 

dles in the rim of reservoir. 

(iv) Elevation of minerals or mines or other useful 

natural or artificial assets in the reservoir area. 
Whereas the geological features of the foundation and 
safety of the dam provide practically no limitation 
for the height of the Rihand dam, the remaining four 
considerations led to the definite conclusion that the 
normal maximum reservoir level at the dam should 
be 880 which elevation of power pool would give the 
best percentage return on the capital outlay, would 
fully utilize the available run-off, would need no 
saddle dams and would not submerge corrundum 
mines which exist near elevation 890. 

The free board above the normal maximum reser- 
voir level to the top of the dam should be such that 
maximum ever flood can be routed through the reser- 
voir without overtopping. Usually the free board is 
kept as 5% of the height of the maximum section 
of the dam and incidentally this figure of 5% = 14.4 
feet also works out to be sufficient for the Rihand 
dam from all considerations. The road level of 
Rihand dam shall thus be at elevation 894.5 while 
parapets shall be provided at elevation 897.75 which 
would give a clear free board of 6.95 feet above the 
maximum reservoir elevation of 890.8 which may be 
attained if at all, during the world enveloping flood. 
The maximum height of the dam shall be 306 feet, as 
the deepest foundation level is 588.5. 


POWER POTENTIAL 
The entire storage between the normal full reser- 
voir level 880 and the dead storage level 775 is con- 
sidered as live storage which works out to 7.28 
million acre-feet. The capacity of the reservoir upto 
dead storage elevation 775 is 1.32 million acre feet 
which is expected to get silted up in 130 years. 


The continuous power output as computed in 
detail by trial and error, on the basis of hydrological 
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data with due allowance for evaporation at 5.5 feet 
annually works out to 105,000 kilowatts, over a cycle 
of 50 years, except for short periods of dry cycle, 
when power will either have to be rationed or sup- 
plemented by other means. The operational hycro- 
graph of the reservoir for generation of 105,000 kilo- 
watts continuous over a cycle of 50 years indicated 
that the reservoir level will remain generally above 
elevation 832, except in a few years when it may go 
down to elevation 815, which corresponds to the 
critical head of the turbines. 

The initial installed capacity of Rihand Dam 
Power House shall be five units of 50,000 kilowatts 
each with 70,000 H.P. turbines rated at a head of 
225 feet (corresponding to the reservoir elevation of 
857). The maximum output of turbines at heads 
higher than the rated head will be limited to 10% 
overload to safeguard against excessive rise of tem- 
perature in generators. The maximum output of a 
unit with reservoir elevation at 815 shall be 42,500 
kilowatts and with reservoir elevation 832, it would 
be 50,000 kilowatts so that normally four units will 
meet the full peak demand, of 1,05,000 kilowatts 
average at 55% load factor, leaving one unit as spare; 
but in dry years, the fifth unit will also have to be 
run to meet the peak load. 

There is a proposal to construct a 70’ high dam 
on the Rihand river at Obra approximately 20 miles 
downstream of the Rihand dam. Power output from 
Obra power Plant would be approximately 32,500 
kilowatts. Detailed studies for running the Rihand 
Dam Power Plant in conjunction with the Obra plant 
and for interlinking it with other power grids have 
indicated the necessity of future installation of a sixth 
generating unit so that Rihand Dam Power Plant, 
having the advantage of storage, could take the peak 
load of other stations. It has, therefore, been decided 
to make provision for the sixth set in the power house 
and to initially complete all the underwater works 
for the same including the intake structure and the 
penstocks which shall be initially closed with a 
hemispherical bulk head gate. 


GENERAL LAYOUT OF THE DAM AND 
APPURTENANT WORKS 


The base line of Dam (the line in plan of the ver- 
tical upstream face of the dam) has been so aligned 
that the entire base area of the dam will be founded 
on solid granite. The alignment of the dam will be 
straight in the central 2009 feet length. while the ends 
are curved in lengths of 600 feet and 456 feet having 
radii of 750 feet and 1300 feet on the left and right 
flanks respectively. There are no earthern dykes at 
the ends and the end blocks are laid against steep 
rock sides. The dam has been divided into 61 blocks, 
serially numbered from the right end, the 3rd block 
being called block 2A due to its having been intro- 
duced at a late stage. The last block is therefore, 
numbered 60. The length of the blocks varies from 
42 to 60 feet. 
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The transverse block joints will be plain contrac- 
tion joints and these shall not be grouted, since grou- 
ting would not appreciably help in reducing the 
stresses in the dam section by transfer of load to 
abutments. Metal water stops and asphalt seals have 
been provided at the joint to inhibit the seepage of 
water into the joint. 


The most economical and suitable arrangement of 
various components of the dam and its appurtenan- 
ces has been found to be as below :— 


(a) Block nos. | to 34 and 47 to 60 comprise the 
non-overflow portion of the cam. 

(b) An overflow spillway has been located on 
block nos. 34 to 47 with piers in the centre 
of the blocks and training walls at either end 
in block nos. 34 and 47. There are 13 bays 
40 feet long in the spillway which will have 
crest at elevation 852. The capacity of the 
spillway will be sufficient to safely route the 
Design Flood and it has also been ascer- 
tained that the dam will not be over-topped 
even if the world enveloping flood occurs 
with the reservoir already full upto eleva- 
tion 880. The position of the spillway also 
suits topography and the river course down- 
stream of the dam. 

(c) The power house has been located at the 
toe of block no. 28 to 33, with an erection 
bay at the toe of block no. 27. 

(d) The transformers have been located on a 
deck between the dam and the power house. 

(e) Switchyard has been located on the right 
bank just downstream of the power house. 


Parking areas would be provided at both the ends 
of the dam for facility of parking vehicle and to pro- 
vide suitable approach to the road on the top of dam. 
A small parking place would also be available near 
the power station. The layout and sections of the 
dam are given in Figure no. 5. 


NON-OVERFLOW SECTION OF THE DAM 


The top width of the section has been kept at the 
economical figure of 14% of height of dam i.e. 24 
feet which together with a cantilever projection on 
the downstream allows for the provisions of a 22 feet 
wide roadway and 3 ft. 9 inch and 5 ft. 3 inch wide 
pavements on the two sides. The upstream face is 
vertical from top of cam to elevation 697.00 below 
which it slopes at | in 5. The downstream face is ver- 
tical below the top cantilever upto elevation 859.00, 
below which it slopes at 0.7 to 1.0 on the east non- 
overflow section and 0.73 to 1.0 on the west non- 
overflow section. The slope in the intake blocks 28 
to 33 is 0.64 to 1.00, as reduction in concrete has 
been possible on account of intake structure on the 
upstream. 


OVERFLOW SECTION OF THE DAM 


The spillway section has its crest at elevation 
852.00. It is slightly wider than the non-overflow sec- 
tion for reasons of stability and hydraulic efficiency. 
The upstream and downstream faces have the same 
slopes as the non-overflow section on the east. 


The maximum water surface elevation for routing 
the cesign flood would be 886, which gives a design 
head on the crest of 34 feet. The profile of the spill- 
way surface has been designed corresponding to the 
lower surface of a jet issuing from a sharp crest 
under a head of 34 feet. The spillway surface con- 
forms downstream of the crest to the equation 
(X/H, )'**°=2(Y/He) with origin at the crest, X 
axis being horizontal, positive downstream and Y 
axis vertical positive downwards. The profile up- 
Stream of the crest is a quadrant of a circle with 
radius 0.282 He. 

The adopted profile of spillway may develop nega- 
tive pressures at certain locations on the crest under 
partial openings of the crest gates and for reservoir 
elevations above 886 (i.e. when He is greater than 34 
feet.) Such negative pressures, however, would be 
rare and are not likely to exceed 0.1 He i.e. 3.4 feet 
head of water which figure is insignificant, and does 
not warrant any arrangement for aeration. 

The profile of the spillway upstream of the crest 
is a quadrant of a circle of 0.282 He feet racius and 
projects out four feet from the upstream face of the 
dam to improve flow conditions. 

The discharge over the spillway crest will be regu- 
lated by tainter gates of 40° x 28’ in size, each of 
which in fully lowered position will have its top 2.34 
feet above the full reservoir elevation 880. Enough 
clearance has been provided under the spillway bridge 
to permit full travel of these tainter gates. The hoists 
for the tainter gates will be located on piers under the 
spillway bridge. 


BUCKET AND SIDE WALLS 


A 60 feet radius and 85 degrees sweep bucket with 
invert at elevation 625 has been provided to dissipate 
the energy of the high velocity water flowing down 
the spillway. Model test carried out at the Irrigation 
Research Institute, Roorkee, indicated that the buc- 
ket has a roller action upto a discharge of 20,000 
cusecs if evenly distributted over all the thirteen bays, 
beyond which it behaves as ski jump bucket. At the 
maximum probable discharge of 3,83.000 cusecs on 
the spillway, the ski rises to elevation 706.00 and the 
normal tail water level is attained at a distance of 
approximately 445 feet from the lip of the bucket. 
The model results further indicate that the ski has 
no tencency for side flow and the retaining wall 
between the power house and spillway with top at 
elevation 683.00 is not. overtopped. The rock down- 
stream of the bucket is massive and hard and no 
deep erosion is likely to occur. 
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To minimize the turbulence in the tailrace and 
to avoid the deposit of sand in it due to backflow 
from the spillway, the retaining wall between the 
power house and the spillway is being extended nor- 
mal to the base line upto 125 feet downstream of the 
draft-tube. The retaining wall on the west end of the 
spillway is continued to only 50 feet Cownstream of 
the bucket since erosion of this bank is not indicated 
on the models. 


STRESSES IN THE DAM 

The stability analysis of the dam has been based 
on the assumption that each block behaves indepen- 
dently of its neighbours, the behaviour of the sec- 
tion being that of vertical cantilever rising from the 
rock foundation. Sections of unit width at the base 
line were analysed for safety against sliding and over- 
turning. Stresses caused by various loads such as 
normal and flooded reservoir conditions, uplift pres- 
sures, wave pressures and earthquake corresponding 
to 0.lg acceleration have been verified to be within 
safe limits. 

Measuring instruments such as strain meters, stress 
meters, thermometers, joint meters, plumb bob and 
uplift pressure pipes and gauges have been embedded 
and.installed within the dam in block nos. 26 and 41 
so that the actual behaviour of the dam as com- 
pared to theoretical computations could be studied 
after the construction of the dam. 


PENSTOCKS AND INTAKE STRUCUTURE 


Each turbine in the powerhouse shall be supplied 
water by a 16 feet dia. penstock inside the dam. The 
opening shall be lined with steel plates suitably 
designed for the hydrostatic head and water ham- 
mer, except in the transition from rectangular open- 
ing at the inlet to circular penstock section. Emer- 
gency gates shall be provided on the upstream face 
of dam to close the penstock inlet and thus save the 
turbine from attaining the runway speed due to sud- 
cen off-load in the event of jamming of the turbine 
wicket gates. A 36” diameter air vent is provided 
downstream of the intake gate to reduce the nega- 
tive pressure downstream of the gate during closure. 
Upstream of the emergency gate, provision has been 
made to put in stoplogs to isolate the intake gate 
and the penstock for maintenance. Trashracks are 
located upstream of the stoplogs in the cage type 
structure which projects upstream beyond the body 
of the dam. The bottom of the intake structure has 
been kept at elevation 706.00 so as not to obstruct 
the natural net of flow lines approaching the penstock 
entrace. The top of trashrack structure is kept at 
elevation 860.00 which level is expected to be attai- 
ned practically every year when it would be possible 
to take out the racks for maintenance. 


SLUICES 
The water stored in the reservoir of Rihand dam 
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will be exclusively utilized for power generation and 
consequently the regulation will primarily depend on 
power demand from time to time. No irrigation out- 
lets or undersluices are really necessary. It has, how- 
ever been decided to provide the sluices 4’ x 9’ each, 
in blocks nos. 38 and 43 with centre line of the inlet, 
at elevation 710, so that assured supply of 5,000 
cusecs could be released from the reservoir, even in 
the rare emergency of copmlete shutdown of Rihand 
Power Station, to feed the Obra Dam Power Plant 
which may come up in future, 20 miles downstream 
of the Rihand dam. Operation of sluices to regulate 
supplies or for routing of floods would not be neces- 
sary but the possibility of utilization of these open- 
ings for construction and for washing out silt has been 
kept in view in deciding the elevation of these sluices. 

The size of the conduits would be 4’ x9’ as the 
gates having height equal to approximately twice the 
width work out to be most economical. The outlet 
conduits would have suitable transitions a the inlet 








X? ¥* 
ends, conforming to the equations: +—=1 
D* (D/3) 
x? y? 
for top and bottom: and —— + = 1 for sides. 
B* (B/3)’ 


The alignment of the bottom of the conduits would 
conform to the equation of trajectory for the jet issu- 
ing with reservoir elevation at 886. The trajectory for 
the bottom of the conduits would be suitably inclined 
at the inlet (by 5 degrees with the horizontal) so that 
the bottom of the conduits at the exit end becomes 
tangential to the spillway bucket. 


The maximum velocity through the sluices would 
be 100 feet per second and an airvent would be pro- 
vided in order to minimize cavitation near the gate 
slots. The size of the airvent would be 30 inches as 


a QA Vv - i 
obtained by the formula: OW = 0.04 ed 
assuming maximum permissible velocity of air 


through the vents of 150 feet per second and the criti- 
cal demand being at 80% gate openings. A 12” 
diameter airvent would also be provided at the exit 
end of the sluice to supply air in the air pocket 
formed between the sluice and the spillway discharge. 
Another 12” diameter airvent is located downstream 


of the emergency gate. 


OPENINGS INSIDE THE DAM 

(a) A drainage and grouting gallery running all 
along the length of the dam is provided at a mini- 
mum height of 5 feet above the foundation, rising 
along the foundation rock in steps of 7” rise and 10” 
tread. The gallery is connected to power station 
drainage gallery by a cross gallery in block 34 and all 
seepage into the dam openings would thus be carried 
through the power house drainage gallery into a 
sump provided in the erection bay from where it will 
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be pumped out. The foundation gallery is connected 
to the outside of dam in block 2 and 59, through 
doglegged staircase and adits, and is connected to the 
penstock operating gallery by a flight of steps in 
blocks 22 and 23. 

(b) The penstock operating gallery is located at 
elevation 683.67 and is approachable at its two ends 
from donwstream of the dam by adits in blocks 23 
and 34. The gallery provides approach to the pen- 
stock filling line valves which are located in chambers 
upstream and above the gallery, in blocks 28 to 33. 

(c) The sluice operating gallery at elevation 722.00 
extending from block 34 to 47, provides access to the 
sluice gate hoists which are located in chambers in 
blocks 38 and 43. 

(d) A gallery has been provided with floor at eleva- 
tion 883.45 extending from block 28 to 34 to provide 
access to the motors for the penstock gate hoists, 
located in six chambers in the side walls of the intake 
structure. 

(e) All the four galleries are connected to the top 
of the dam by a passenger elevator and doglegged 
staircase in block 34, a tower on the downstream of 
roadway being provided for access from the top of 
the dam. This tower shall have provision of utilities 
for the visitors. 


(tf) A shaft would connect the top of dam to the 
sluice operating gallery and the foundation gallery in 
block 47. The shaft would be provided mainly for 
the carriage of sluice gate leaf, and would be used 
for carriage of grouting machines, cement and other 
materials to the foundation gallery. The access on top 
of the dam would be provided through a tower 
located downstream of roadway and utilities would 
also be provided for public use in this tower. Neces- 
sary blockouts will be left for the provision of a 
freight elevator in the shaft at a later stage. 

(g) Two shafts 2—6” in diameter have been pro- 
vided in block 34, one connected to the reservoir and 
the other to the tailrace for recording the levels of 
water. The reservoir gauge well extends from eleva- 
tion 891.00 to 719.00 and the tail water gauge well 
from elevation 683.00 to 620.00. 


POWER STATION 

The main power station building, to house the six 
turbines and the erection bay, is 420 feet long and 
854 feet wide. It is divided into seven independent 
units 60 feet long each, by contraction and expansion 
joints. The power house superstructure is being made 
in structural steel for expediency in construction. 
Downstream of the power station, a regulator is be- 
ing provided with divide walls extending from the 
draft tube to the regulator. It would thus be possible 
to isolate any of the craft tubes by putting in planks 
in the regulator bays, if it is not possible to lower the 
draft tube gates due to collection of debris in the 
guides, The regulator in addition helps to avoid the 


existence of turbulence downstream of the draft 
tubes when the spillway is overflowing. It will also 
maintain the minimum tail water level in the early 
stage when only one machine may be running at half 
the load with full reservoir level. 


A reinforced cement concrete framed gallery struc- 
ture is provided on the dam from block 28 to 34, 
just upstream of the power station, having floors at 
the same elevation as provided in the power station. 
This structure will have auxiliaries, stores and cables. 
Transformers will be located on the uppermost floor 
of this structure at elevation 683.00. The control room 
shall also be located in a reinforced cement concrete 
framed building at the toe of blocks 25 to 27. The 
control building will be connected to the gallery 
structure through a staircase and lift. A cable tunnel 
will carry the control cables from the control room 
to the switchyard. 


CEMENT CONCRETE MIX 


The mass concrete is designed for an average 28 
days strength of 2,500 psi and a design strength of 
2,000 psi which must be exceeded by 90% of the 
specimens. 

The concrete in five feet thick mass on upstream 
and downstream faces of the dam is designed for 28 
days strength of 4,000 psi. Extra rich and vacuum 
processed concrete comprising } inch maximum size 
aggregate and having 28 days strength of 4,000 psi 
shall be used in top | foot thickness for the follow- 
ing locations where pitting due to cavitation is likely 
to occur and the velocity would be more than 40 feet 
per second: 


(a) Inner surface of the outlet sluices. 
(b) Spillway crest above El. 805.65 
(c) Spillway bucket below E1.681.56. 


The average water requirement in mass concrete 
containing 6 inches maximum size aggregate has 
been found to be 195 Ibs. per cubic yard of concrete 
with an air entrainment at 3+0.5% in 14 inch con- 
crete mix. Air is being entrained with a view to save 
cement and a cheap indigenous air entraining agent 
has been developed at the Rihand Dam Laboratories 
for this purpose. The water cement ratio by weight 
is fixed as 0.65+0.02. The cement content per cubic 
yard of mass concrete is 287 Ibs. The slump of con- 
crete so designed is usually 1”. 


Fly ash from Bokaro Power Station and locally 
available fire clay have been found to possess satis- 
factory pozzolanic activity. Arrangements are being 
made to start using fly ash as pozzolan in cement 
concrete. Fire clay will be used as pozzolan as soon 
as crushing plant is installed at the Dam site to pul- 
verise the fire clay, available at 20 miles from the 
dam site. 


Calculations for thermal characteristics of con- 
crete indicate that for the placing schedule of 5 feet 
lifts at intervals of 72 hours, the concrete tempera- 
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ture at placement should not exceed 60°F. This tem- 
perature is attained by precooling of aggregates and 
by mixing chilled water to the concrete. 


CONSTRUCTION PLANT 


Natural aggregate deposits being not available, the 
production of aggregate has been planned by crushing 
of rock. Granite rock, suitable for concrete aggregate, 
is available in sufficient quantity on the left bank of 
the river at 24 miles from the site. The quarrying shall 
be carried out in 90 ft. cepth in an area of 560,000 
sq. ft. Crushing of blasted rock and its separation into 
various size groups is being done close to the quarry 
and an elaborate crushing and screening plant has 
been set up for the purpose. The smaller size aggre- 
gate is passed through Kubit Breakers to obtain a 
cubical shape of the aggregate. Sand is also crushed 
from rock but deficiency in the required quantity is 
made good by mixing river sand. All sand is passed 
through a classifier to washout the fines. 

Aggregates in six size groups 6”-3”, 3”-14”, 147-3”. 
32”-3/8" 3/8°-3/16" and -3/16” are transpor- 
ted from the quarry to the stock piles near the dam 
site by two ropeways each of 200 tons per hour capa- 
city. The stock piles have a capacity of about 5,000 
tons of each aggregate. Material is drawn out of the 
piles on an underground belt conveyor located in a 
tunnel and transferred on to another belt and shuttle 
conveyor which carries it to one end of the cooling 
tunnel, where bins are provided for each type of 
aggregate. These bins feed six different belts 300 ft. 
long placed inside an insulated cooling tunnel. As 
the material is transported on the belts, the coarse 
aggregates 6”-3/8” are cooled by spraying chilled 
water over the belts, while the finer aggregates are 
cooled by blowing chilled air on the enclosed belts. 
Coarse aggregate is thus cooled to about 40°F and 
the fine aggregate to 60°F. The total capacity of re- 
frigeration plant is 990 tons. 

The cooled aggregate is collected into separate 
insulated bins at the other end of the cooling tun- 
nels, and is then carried on an insulated belt con- 
veyor to the batching plant bins. Weigh batching and 
mixing of concrete is done in a batching plant having 
four 4-cu.yd. Koehring mixers and Winget Con- 
trol Panel. The mixers are capable of mixing a batch 
in 2} to 3 minutes, revolving at 12 r.p.m. The batch- 
ing plant can handle twelve different mixes at a time 
by the use of mix selector knob. The mixed batch is 
discharged on to a common hopper which delivers 
the concrete to 4 to 8 c.yd. buckets brought under the 
hopper on trailors pulled by 50 H.P. locomotives. 

The placement of concrete is being done by two 
‘ten ton’ and two ‘twenty ton’ cableways having spans 
of 2100 ft. and 3050 ft. respectively. The bigger cable- 
way have the longest span so far used in the world. 
The travel speed of the bucket is 1500 ft. per minute 
and the tail tower can move at 100 ft. per minute. 

Cement is transported in bulk from Churk Cement 
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Factory, 50 miles away, by 18 cement carriers each 
of 16 tons capacity. Two silos of 500 tons capacity 
each at Churk and two 1000 tons silos at the batch- 
ing plant provide about a week’s storage. The cement 
carriers unload the cement in a pit from where it is 
raised by horizontal screw conveyor and vertical ele- 
vator to the storage silos. The same elevator is again 
used for elevating cement from the silos to the batch- 
ing plant bin. 
The layout of the plant is shown in Figure 6. 


PROGRAMME AND PROGRESS 


Preliminary construction work on the project was 
commenced in 1948. A year later, however, the work 
had to be stopped due to urgent necessity of trans- 
ferring all available personnel, materials and funds to 
the short term food production schemes. A decision 
to resume the construction was taken in October 
1951, and an estimate for the project work was sanc- 
tioned in 1952. A master plan for the execution of 
the project was prepared in 1953-54. Meanwhile finan- 
cial arrangements were finalised with the Govern- 
ment of India. An operational agreement between 
the Government of India and the Government of 
United States was signed on March 29, 1954 to meet 
the foreign expenditure of the project. A Control 
Board with the Chief Minister of the State as Chair- 
man was formed in the same year to act as supreme 
authority for the project. Tenders for the construc- 
tion of the main dam and powerhouse were received 
in January 1955 and the work was given to M/s 
Hindustan Construction Co. Ltd., Bombay. 


The preparation of working drawings for the dam 
and powerhouse and specification drawings for the 
equipment was started in February, 1955, when a 
Design and Planning Directorate was established. 
Specifications and drawings for the control equip- 
ment such as gates and hoist have since been com- 
pleted and tencers for the supply of most of the 
equipment have been received and are being scruti- 
nized, Detailed designs of various features of the dam 
and power station are also nearing completion. Cons- 
truction drawings are being prepared and issued 
along with the progress of work. 


The total concrete in the dam and appurtenances 
is estimated to be 6,00,00,000 cu. ft. The project is 
scheduled to be completed by June, 1961 but the dam 
will come upto a sufficient height to store water upto 
El 820 during monsoon of 1960, so that one of the 
50,000 kW. generating units may be commissioned 
in October, 1960, to partially meet the long felt 
demand of power. The remaining four machines will 
be put into commission in quick succession by the 
end of 1961. 


Work on excavation of foundation for the cam 
was started in April, 1955 and arrangement for pro- 
curement and installation was almost complete by 
June, 1957. Placement of concrete was commenced 
in April 1957 by the two 10 ton cableways mainly 
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for the construction of tail tracks across the dam. 
About 11,50,000 cu. ft. of concrete was poured 
during the period ending August, 1957 when the 
operations were closed for the monsoon. The work 
was recommenced after the monsoons on 15th Octo- 
ber, 1957 and a total of 1.85 crore cu. ft. of con- 
crete has been placed upto Ist December 1958. The 
concreting programme for the dam is shown in 
Figure no. 7. 


REHABILITATION PROGRAMME 

The area to be submerged by the Rihand lake com- 
prises 40,000 acres of forest land and 46,000 acres of 
cultivated land in Uttar Pradesh, the corresponding 
area in Madhya Pradesh being 15,000 acres each. The 
rehabilitation programme involves shifting of 108 
villages having 40,000 persons in Uttar Pradesh 
and 44 villages with a population of 15,000 in 
Madhya Pradesh. 

Full compensation is being paid for the land and 
other immovable property, while colonies are being 
encouraged close to the boundry of the reservoir 
where free land is being given and other facilities 
such as drinking water, approach roads etc., are also 
being provided. No land revenue shall be charged 
from the settlers in these colonies for the first three 
years. The land alloted to each family is 5 acres or 
two thirds of his original possession. 


BENEFITS 
The Rihand Dam Project is primarily a power pro- 
ject the main object being the industrial development 


of major and minor and cottage industries. The 
mineral resources available in the area round about 
the Rihand Dam site and the agricultural and forest 
products available from the eastern and south eastern 
regions of the State offer bright prospects for the 
establishment of electro-chemical, metallurgical and 
other basic industries such as manufacture of cement, 
chemicals, fertilizers, aluminium, porcelain and paper 
etc., with the help of the large block of power to be 
provided by the Rihand project at an attractive rate. 

Service area of the Rihand project is very inten- 
sively populated and people are consequently econo- 
mically backward as agricultural operations alone 
cannot provide employment for more than a fraction 
of the total population. Cottage industries helped by 
electrical power are essential for bringing up the pre- 
sent low standard of living of the people. The skill 
and craftmanship already exists and power from 
Rihand project will enable the industries to flourish. 
There is large demand of power both for small scale 
consumers goods and feeder industries as well as for 
the heavy and cottage industries. 

The scheme will further benefit the State of Bihar 
to a great extent as the reservoir will provide a mini- 
mum flow of 50,000 cusecs of water throughout the 
year which may be utilized for the extension of Sone 
Canal irrigation system in that State. 

The capital cost of the project including transmis- 
sion lines of 132 and 66 kV lines will be 45.26 crores 
and it is estimated that 912 million units (kilowatt 
hours) of electrical energy will be annually available 
from the project at a cost of 2.32 naya paise per unit 


of the state by providing power for the establishment at the generating station. 


(Continued from page 34) 


STRUCTURAL AND HYDRAULIC DESIGN OF DAM 
AND ITS APPURTENANCES 


dules are given for all reinforcement to facilitate ben- 
ding and cutting of bars to the exact shape. In all 
about 500 drawings would be required for the dam 
and its appurtenances. Lift drawings are not prepared 
are are neither considered necessary at site. 


DESIGN FACILITIES 

It has been the first opportunity for us to work on 
a Major dam project and though we had enough ex- 
perience on small dams, the problems of structural 
design of Rihand dam and its appurtenances were 
new to us. The team of engineers working on the 
design has been drawn from the State service and 
comprised mostly of fresh graduates. Their enthu- 
siasm for the work has been the chief reason for our 
success. We did not have the advantage of training 
in the design offices of outside countries, mure ad- 
vanced in the dam building operations, nor we had 
foreign experts for guidance. I have to gratefully 
acknowledge the help given to us by the C.W.P.C. 
and Bhakra design personnel with whom I had the 
privilege of discussing my difficulties. Though such 


visits were very few, the information in respect of 
the practices adopted on the design of Bhakra and 
other dams was of great assistance to us. 


(Continued from page 13) 
GEOLOGY OF THE RIHAND DAM PROJECT 


raging, it was found that it would be more economi- 
cal to use fly-ash from the Bokaro Thermal Plant as a 
pozzolan. 

The author wishes to express his gratitude to Shri 
A. C. Mitra, 1.s.£., Chief Engineer, U-.P., Irrigation 
Department, for the facilities provided to him in the 
furtherance of his duties and the keen interest he 
always evinced in the progress and results of the geo- 
logical investigations. He is thankful to the Project 
engineers for the kind cooperation extended to him. 

The author expresses his grateful thanks to Dr. P. 
K. Ghosh and Shri P. C. Hazra, Superintending Geo- 
logists, Geological Survey of India, for the valuable 
guidance he has had from them during the course of 
investigations. He is also indebted to the latter for 
the guidance in writing this article and editing the 
same. 


* Published with the kind permission of the Director, 
Geological Survey of India. 
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THE HINDUSTAN CONSTRUCTION CO. LTD. 


The Hindustan Construction Company Limited., founded by that Captain of Industry Seth 
Walchand Hirachand, started its operation 34 years ago. It was launched in 1926 as a subsidiary 
of the Tata [now Premier] Construction Co. Ltd., with an initial paid-up capital of Rs. 1 lakh. 


The authorised Capital of the Company to-day is Rupees one crore and subscribed and paid- 
up capital is Rs. 61 lakhs. 


The salaries and wages bill of the Company in the year 1930 amounted to Rs. 2.74 lakhs 
and during the last financial year it reached the figure of over Rs. 2 crores. Similarly this steep 
curve has also been maintained in the annual turnover of business. From a monthly turnover of 
Rs. 80,000/- two decades back to a figure of Rs. one crore [Rs. ten million] is an achievement of 
which the Company could feel amply proud. 


The jobs in hand and under execution on this day amount to around Rs. 37 crores [about 
80 million dollars] comprising, as they do, constructional activities of various kinds, viz., Bridges, 
Dams, Power Houses, Tunnels, Public Health Engineering Jobs, Industrial Buildings, Civil Works 
in connection with Steel Plants etc., etc., for the Central and State Governments. 


To-day the Company has in its employ nearly 400 qualified engineers and over 2500 technical 
supervisory staff, besides a very large number of skilled technical personnel. Most of the engineers 
are qualified university men and quite a few of them have also had training in foreign countries. 


Amongst the top personnel are men connected with technical education, professional engi- 
neering institutions, labour organisations and engineering industries and occupy high positions 
of responsibility in social and industrial spheres. The top core, so to say, is a reservoir of long 
standing experience of construction works and technical skill and ability of a high order. 


With the activities spread over a very wide field, the Company is fully aware of the high 
demands of modern machinery. It has, at present, machinery of all kinds, viz., earth moving, heavy 
concreting machinery for construction of dams, bridges, roads etc., worth nearly Rs. 40 million 
working on the various jobs. Great attention is paid to their maintenance and replacement of 
obsolete types in order to take the utmost advantages of latest innovations and improvements 
in this field. 


During the last five years the Company's activities have reached a high mark in various fields 
of construction. Amongst its current jobs mention may be made of the 18 crores Rihand Dam 
Project envisaging the construction of an all concrete 296’ high dam for the Uttar Pradesh Govern- 
ment. The magnitude of this job can be understood when it is known that the total concrete that 
would be poured is over 22,50,000 c.yds. and 8.6 million acre feet of water would be impounded 
in the reservoir that would be formed. 


Besides the Company is also handling the civil engineering works in connection with the 
Bhilai Steel Project, the construction of the underground power house for the Koyna Project 
[Bombay State] [the first of its kind in Maithon in DVC was recently completed by it] the Brahma- 
putra Bridge in Assam etc., which are very important projects requiring quality performance and 
workmanship. 


The Ganga Bridge at Patna which was recently opened was also constructed by this Company 
—being the largest bridge structure in this country where foundations are carried to 170’ below 
the bed. 


Verily the Hindustan Construction Company is a unique engineering and construction 
organisation in this country who have played a considerable part in the development of 
Construction Industry in India and whose contributions to the projects under the Plans are no 
mean. 


With the resources, experience, knowledge, technical know-how, high talented staff and 
technical personnel this Company hopes to play a still greater part in the engineering and cons- 
truction field in the years to come. Once again the organisation has exploded the myth that 
our nationals can only be second best. It has proved by its performances that it stands par with 
any organisation in any country. 
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Structural and Hydraulic 
Design of Dam and its Appurtenances 





-™ HE Rihand Dam adds another bright star to the 

galaxy of dams scattered all over the country. 
Possessed with excellent foundations and reser- 
voir storage, the engineers and geologists have un- 
animously acclaimed it to be an ideal scheme, and 
the construction of a gravity dam as most opportune. 
The design of a gravity dam is often considered to be 
within the domain of school boys and to a certain ex- 
tent it is true when one compares it to the design 
work involved in arch dams or multiple arch or 
buttress dams. A generalisation such as this would 
however be an injustice to the gravity dam designers 
who may be faced with sufficiently complicated prob- 
lems such as in very high dams or where ideal condi- 
tions do not exist, or where special features are 
required. Devoid of any complication worth mention- 
ing or special features requiring intricate design pro- 
cedures, the Rihand Dam may be defined as an ideal 
book structure. The only redeeming feature in Rihand 
designs is the maximum economy consonant with 
safety and full use having been made of the bounties 
of nature, so profusely offered at the site. The funda- 
mental design criteria for the structural and hydraulic 
design and various assumptions made in the design 
analysis are briefly given hereinafter. 


BIVERSION ARRANGEMENT 

The very wide valley at the dam site allowed of 
only one possibility for river diversion, that of work- 
ing in part width and allowing the river to flow in 
other part. The choice had to be made between high 
coffer-dams at a high cost for isolating the working 
area throughout the year or arranging the isolation 
of the work area during the non-monsoon months 
only. Hydrological observations indicated that the 
maximum discharge in the non-monsoon months did 
not exceed 10,000 cusecs in most of the years on re- 
cord. This discharge could be effectively diverted 
from the work area at a much lower cost and enable 
uninterrupted work for nine months in a year. The 
diversion programme was thus based on the work 
area being isolated for the non-monsoon period only 
and allowing its flooding during monsoons. Very 
satisfactory working of the diversion arrangement in 
the last two years has justified the decision. 

A major part of the river bed made available for 
excavation and concreting operations by construc- 
ting low masonry coffer dams, aligned along the rock 
exposures in the river bed (Fig. 1.). Such an align- 
ment for coffer dam solved the foundation problems 
for the coffer dam as well as resulted in a tight water 
seal. The coffer dam presented a zig-zag shape, but 
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wus most economical. To allow for good flow condi- 
tions during overflow in monsoons, the downstream 
coffer dam was given an ogee profile. The upstream 
coffer dam had a trapezoidal profile and it was con- 
sidered unnecessary to give this an ogee profile as it 
would most of the time overflow under submerged 
conditions. The river flow was confined in a narrow 
width on the right bank by constructing a diversion 
channel with masonary side walls, high enough as not 
to be over-topped during the maximum non-monsoon 
flow. The area to be occupied by the channel and the 
two side walls in the dam foundations was excavated 
to sound rock prior to building the masonry walls. 


The diversion channel carried the non-monsoon 
flow till May 1958 during which time concreting of 
the dam within the coffer dam was carried out to 
sufficiently high levels and the entire foundation 
rocks was practically covered with concrete. A diver- 
sion conduit was made in block 37 while the adja- 
cent block no. 38 was kept at low level. The side 
walls of the diversion channel and its walls were 
raised, water being diverted through the diversion 
conduit in block no. 37 and on top of block no. 38. 
Flow during monsoon 1958 was confined to the spill- 
way blocks 35 to 47, which were at low level, and 
through the diversion conduit in block no. 37. 


The non-monsoon flow is now confined to the diver- 

sion conduit and all the dam blocks are available 
for concreting to higher levels. During this concret- 
ing season the spillway blocks shall be carried upto 
a lower level as compared to the adjacent non-over- 
flow blocks so as to avoid overtopping of the non- 
over-flow blocks during monsoon 1959, when water 
will pass over the low blocks and through the diver- 
sion conduit. Arrangement will be made to lower a 
bulkhead gate at the inlet to the diversion conduit 
before monsoon 1960, to enable filling of reservoir 
to sufficient high level to work one turbine in Octo- 
ber 1960. 

To safeguard against the possibility of river sup- 
ply not going down so low as to give the blocks 
free of water soon after monsoon, arrangement will 
be made to install water tight shuttering on the low 
blocks. 


Post monsoon inflow in 1960 shall pass through 
the permanent conduits in blocks 38 and 43, till the 
turbines are not put into operation. 
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FOUNDATION TREATMENT 

Keying of a gravity dam inside the foundation is 
required to obtain additional safety against sliding. 
Sliding is not a problem at Rihand since the founda- 
tion rock is a solid monolithic mass without well- 
defined joints or becding planes and it does not slope 
downstream except in isolated areas. Solid rocks are 
overlaid practically all along the dam, except in the 
river bed, by sufficient depth of weathered rock. 
Even the weathered rock could be considered good 
enough for the foundation of a gravity dam of the 
magnitude of Rihand and it has often been pointed 
out to us that what we have removed was much 
better than what they have considered satisfactory 
at Bhakra, Grand Coulee or Boulcer. The weathered 
rock had crushing strength greater than the strength 
of concrete in dam at most of the places. The re- 
moval of such weathered rock pockets has been 
guided by a possible further deterioration in course 
of time. Weathered rock enclosed by sound granite 
and not likely to be subjected to the deteriorating 
action of percolating water, was not removed. Exca- 
vation has not been done inside sound rock except 
a little by wedging and barring, in locations where 
sufficient depth of weathered rock was removed. At 
other places, the anchorage inside sound rock has 
been planned to be 5 feet where the dam is more 
than 200 feet high and about 24 feet for the portion 
of dam of lesser height. 

Permissible slopes along the base line of dam as 
well as cross slope normal to base line are often re- 
quired to be specificed for guiding the excavation. 
While no limits were placed on the slope along the 
base line, the cross slope was fixed on the require- 
ment that the shear friction factor along the founda- 
tion line should not exceed the safe limits. For the 
deepest portion of the dam, the permissible maxi- 
mum slope worked out to be | in 20. 

The few seams of weathered rock in the founda- 
tion were specified to be treated by excavating to a 
depth equal to twice the width of seam and _ back- 
filling with cooled concrete. Attempts to grout the 
weathered seams did not meet with any success. 
Sharp corners were specified to be rounded off, as far 
as possible, to reduce the possibilities of cracking 
under thermal variations. 


FOUNDATION GROUTING 

The rocks being of the Bijawar Series and provid- 
ing almost one solid mass all along the dam founda- 
dation, no consolidation grouting was considered 
necessary. The foundations, however, presented a 
deep seam in block 27 and 28 (Fig. 2) which ex- 
tended into the power house, running at the base 
line of dam. This seam was grouted by drilling pat- 
tern holes as shown in the sketch the seam being 
excavated fairly deep to remove all badly weathered 
material and to obtain enough concrete depth for 


effective arching. The number of cement bags taken 
by each grout hole is indicated in the figure. 

Further programme of grouting of the dam foun- 
tion is to create a grout curtain by drilling through 
pipes rising from the founcation rock to the founda- 
tion gallery and embedded in concrete. (Fig. 3) These 
pipes are of four inches diameter and are provided 
to save this depth of drilling through concrete. The 
spacing of grout pipes has been kept five feet. How- 
ever, grouting shall be done by split spacing method 
and all the holes may not be drilled. The depth of 
drill holes has been fixed to be 100 ft. for portion of 
dam above 200 feet in height and 75 ft. for portion 
of dam below 200 ft. The grouting of holes will 
be done by stage grouting, the maximum pressure 
used being 200 psi. All the grout holes will be drilled 
at an angle to the vertical necessary inclination 
having been provided in the embedded pipes on the 
basis that the bottom of the hole may not be up- 
stream of the heel of dam. This would avoid leaking 
of the grout into the reservoir bottom and would 
place the grout curtain close to the heel of the dam. 
The water cement ratio for grout will be fixed in 
accordance with the water loss in the particular hole, 
which would give an idea of the tightness of the hole. 
The pressure grouting shall be carried out only when 
the dam has been raised to a sufficient height so that 
the foundation is adequately loaded and no up- 
heaval occurs under grout pressure. 


Grouting through holes inclined towards down- 
stream with inlet at heel, is proposed in blocks 27 and 
28 only, to treat the seam of weathered rock men- 
tioned earlier. 


DESIGN OF DAM SECTION 


The Rihand Dam has three distinct zones—the 
non-overflow, the overflow and the intake i.e. the 
portion having penstocks. The overflow and the in- 
take portions are straight in plan while the non- 
overflow portion is partly straight in plan and partly 
curved. The profile of section in these reaches has 
been fixed by obtaining stability and safety under 
the applicable loads. For the purpose of design ana- 
lysis, the loads have been divided into two cate- 
gories : 

(i) the normal loads under the application of 
which the permissible stresses will not be ex- 
ceeded, and 

(ii) the abnormal loads for which the stresses may 
be allowed to exceed the permissible stresses, 
though still remaining below higher limits 
termed as the emergency values. 

The permissible and emergency values are indi- 
cated under each requirement for stability. 

The normal loads considered are: 


(1) Dead loads 
(2) Reservoir at Elevation 880.00 
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(3) Tail water at Elevation 630.00 
(4) Uplift acting on the base. 
The abnormal loads have been taken as :— 


(i) Higher reservoir conditions during floods i.e. 
reservoir elevation 886.00 and 890.80 corres- 
ponding to the routing of the design flood and 
the maximum possible flood, corresponding 
tail water levels being 679.00 and 680.60 

(ii) Wave wash due to high wind velocities, and 

(iii) Seismic forces. 

The canyon for Rihand Dam necessitates a 3065 
ft. long dam for a 300 ft. height. The dam profile 
thus does not allow a substantive reduction by trans- 
ferring the load on to the abutments by beam action 
and this is the reason why the block joints have not 
been grouted. Water stop provided between the joints 
shall hardly transfer any stress from one block to 
the other and the twist action due to curvature of the 
dam at the ends and unequal heights of two adjacent 
monoliths are assumed insignificant. 

Stability analysis of the dam has thus been based 
on considering a slice of the dam one foot wide at 
the base line and contained between two vertical 
planes normal to the base line. The sides of the slice 
remain parallel in the straight length of the dam and 
the width of the section remains one foot through- 
out; while in the curved lengths the width of the 
slice reduces towards the toe. This is the reason why 
flatter slope is required on the left curved portion. 
The stability of the blocks having penstocks has been 
considered by taking the block as a whole. 

While working out the stresses in the dam slice, the 
openings are neglected as these are considered to 
have a local effect only and according to St. Venants 
principle, the openings would not affect the general 
distribution. 


UNIT WEIGHT OF CONCRETE 


The weight of concrete has been taken as 150 Ibs. 
per cu.ft. The laboratory determinations indicate a 
value of 154 Ibs. per cu.ft. for the unit weight but the 
higher figure was not adopted in the design computa- 
tions to account for possible variations in the field. 
The dam would therefore have somewhat greater sta- 
bility than indicated in the calculations. 


WATER LOADS 

The water pressure due to reservoir and tailwater 
have been calculated by hydrostatics, dividing the 
forces into the vertical and horizontal components, 
where the dam is sloping, the vertical component 
being equal to the weight of water on the face. (Fig. 
4). During higher reservoir levels, the spillway gates 
shall be raised and the force of water on the section 
is taken as the triangle of pressure with the top por- 
tion of the triangle above the level of the crest re- 
moved. 


25 


The unit weight of water has been taken as 62.4 
Ibs. per cu.ft. Calculations indicated that it would 
take approximately 130 years before silting takes 
place upto elevation 706.00 just upstream of dam. 
The Rihand water silt content is not more than 300 
parts per million as found by actual measurement of 
silt during monsoon. The tailwater has been consi- 
dered active on the non-overflow section of the 
dam. 


WATER FORCES 


The height of waves in the reservoir has been worked 
out by Molitor’s formulae h=0.17 / VF, where 
F is the fetch of the reservoir in miles and V, the 
velocity in miles per hour. The fetch of Rihand Dam 
lake is 30 miles and the sustained wind velocity ex- 
pected in the reservoir area is 30 miles per hour. Both 
the dam and the lake are aligned East West approxi- 
mately, and the main lake is separated from the dam 
by a narrow extending normally upstream of the dam 
for about half a mile (Fig. 5) The dam is rather 
shaded from the direct waves in the lake and only 
reflected waves would reach the dam. The height of 
waves ‘hy ’ reaching the dam has been taken to be 
the same as worked out for the case of a dam having 
direct waves from the reservoir since the hill side 
near the dam are steep and reflected waves will be 
strong. The height of wave works out to 5.10 ft. The 
rise in water surface when the wave breaks against 
the dam would be to a height 1.5hy i.e. 7.6 feet and 
pressure due to this rise would be given by 125hy ? 
ic. 3260 Ibs. per ft. of dam. More elaborate calcula- 
tions for wave forces have been taken in the design 
of radial gates, though the simple procedure is con- 
sidered adequate for the stability of the dam. 


SEISMIC FORCES 

The effect of earthquake has been considered in 
horizontal direction only. The dam site, according to 
the map of seismic zones in India, lies in the region 
of very moderate damage. However, a value of g/10 
has been taken for the seismic acceleration as re- 
commended by the Geological Survey of India. The 
seismic force on the body of the dam is worked out 
by multiplying the mass of dam by the seismic acce- 
leration. The seismic effect on water pressure is cal- 
culated by Westergaard theory. 


UPLIFT FORCES 


The uplift on the base of dam and in the body of 
dam caused by water percolating through the pores 
in rock or dam concrete has been allowed differently 
by different authorities. The two factors required to 
be known are the uplift intensity and the area over 
which it acts. The exact determination of uplift inten- 
sity could be carried out only on assumption of a 
homogeneous medium and applying Darcy’s Law of 
flow. Such a theoretical value would hardly repre- 
sent the actual uplift pressure distribution, due to 
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substantial departure from the ideal conditions. The 
foundation rock is seldom homogeneous, while mea- 
sures to reduce uplift pressures by providing cut off 
grout curtains and seepage relief drains are provided. 

Some of the dams of the Tennessee Valley Autho- 
rity have been designed on the assumption of uplift 
equal to reservoir head at the heel reducing to the 
tail water head at the drain and this pressure is 
then taken to be constant to the toe of dam. A 
few dams of the TVA have also been designed on 
the existence of average of tail and head water pres- 
sure at the drain, the pressure at the heel and toe 
being the head water and tail water respectively. The 
assumption of reduction of pressure at the drains, 
which are provided to reduce the seepage head, is 
quite logical. The U.S.B.R. has given a relation for 
determination of pressure at the drains, in terms of 
other known quantities. Actual measurement of up- 
lift on existing dams has shown very low uplift pres- 
sure in the neighbourhood of drains. Theoretical 
computations based on a homogeneous medium indi- 
cates no pressure at the drains. However, most of the 
dams of U.S.B.R. have been designed on the assump- 
tion of no reduction in uplift pressure at the drains, 
the uplift varying uniformly from the head water at 
the heel to the tail water at the toe, acting on 2/3rd 
of the total base area. 

Uplift pressure at the base of Rihand Dam was 
assumed in a number of ways and it was found that 
the criterion of triangular distribution of uplift pres- 
sure acting on 2/3rd of the base area gave the worst 
effect, which method has accordingly been used in 
the design. A cut-off curtain inside rock being pro- 
vided along the foundation grouting and drainage 
gallery, while seepage relief is being provided by 
making 3” drainage holes 40 to 60 feet deep at 10 
ft. centres, immediately downstream of grout curtain 
and draining into the foundation gallery. 

The same distribution of uplift pressure has been 
taken on horizontal planes through the dam con- 
crete which is rather severe since actual measurement 
on some of the dams in U.S.A. indicates no uplift 
pressure in the body of the dam. Six inch dia. formed 
Openings are being made at 10 ft. c/c and at a dis- 
tance of 9’-6” from the base line extending vertically 
from the foundation gallery to the top of dam and 
draining into the foundation gallery, to reduce uplift 
in the body of the dam. Various forces acting on the 
dam are shown in Fig. 6. 


CRITERION FOR STABILITY 
The stability of a gravity dam is generally based 
on the following: 
(1) The dam should not overturn. 
(2) The dam should not slide on any plane, 
through the base or through the foundation. 
(3) The dam should have safe stresses. 


The first criterion of stability is generally more than 
covered by the criterion for safe stresses. In order 


that a dam may not slide on any plane, the total 
forces tending to slide the dam should not exceed a 
certain ratio of the normal forces on the plane. Ex- 

H 
pressing mathematically — Z ‘f’., 

Vv 
coefficient of friction. The safe value of ‘f’ adopted 
for Rihand is 0.65 and under abnormal loads it is 
allowed to exceed upto 0.75. These assumptions are 
in accordance with the standard practice. The shear 
friction factor (fV+rS4 )/H allowing a_ shear 
strength ‘S’ of 600 psi and value of ‘r’ equal to 0.5 
has also been calculated, the minimum value for the 
factor being taken as 5. In emergency, this has been 
allowed to go down to 4. 


where ‘f’ is the 


The criterion of safe stress in the dam was first 
of all enunciated by Levy, who specified that the stress 
at the upstream face of dam at any point should not 
be less than the water pressure at that level. This re- 
mained the criterion for stress at the upstream face 
of dams for long. Design assumptions became bolder 
as the dam construction advanced and the criterion 
of absence of tension or even permitting some ten- 
sion at the upstream face, has been progressively 
coming in vogue. Very bold assumption for safe 
stresses has been made for the Grand Dixence Dam 
where the resultant is allowed to deviate to the ends 
of middle half during abnormal loading. 

The actual stresses worked out for the normal loads 
for the non-overflow section are shown in figure 
7. These stresses have been worked out by gravity 
analysis based on elastic theory and linear distribu- 
tion of vertical stress. 

The stresses at the toe have been brought within 
permissible limits, by the provision of fillets. The 
size of these fillets has been calculated on Brahtz’s 
theory, the height of the fillet above the heel and the 
toe being given by the relations :— 


—H 
For heal Height of fillet= - 2 6H-3.5 
For toe; Height of fillet=—, 5 +6.5 H-3.0 


where H is in 100 ft. 


Circular fillets could not be constructed easily and 
hence sloping fillets with 2 horizontal to | vertical at 
downstream and | horizontal to 2 vertical on the 
upstream have been provided. 

The stresses so calculated shall be affected by tem- 
perature variation caused by heat of hydration of 
cement and variation in atmospheric temperatures. 
The variation in stress due to heat of hydration of 
cement is minimised considerably by precooling 
while the effect of external variation of temperature 
is confined to a very shallow depth of concrete at 
the face of dam and this effect is not considered in 
the design computations. Large variation in stresses 
near the face has been actually found to occur 
during stress measurements on Shasta Dam. Such 
high stresses are accounted for by providing higher 
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strength concrete (4000 psi against 2500 psi for in- 
terior) in a depth of 5 feet. The block joints are 
chamfered to avoid cracking at the edges. 


SURPLUSSING ARRANGEMENTS 


The surplus water would overflow on the dam 
through thirteen bays of forty feet each, controlled 
by radial gates 28 feet high. The crest level has been 
fixed at elevation 852.00 from economical conside- 
rations and the overall length of overflow section 
including the piers is 624 feet. The piers are eight 
feet wide except two 12 feet wide piers vertically 
above the river outlets. The overflow profile of the 
spillway comprises of two portions, one lying up- 
stream of the crest and rising to it, while the other is 
the falling portion downstream of the crest. The shape 
of the spillway profile has been adopted differently 
by different authorities. The three most common 
profiles are shown in Fig. 8. Extensive model tests 
have been carried out for the profile and all the three 
give desirable flow conditions. The Rihand profile 
has been provided with an over-hang, designed in 
accordance with the U.S.B.R. specifications. The 
profile with overhang gives a greater area of ap- 
proach to the crest and has a slightly higher coeffi- 
cient of discharge. 

In respect of the geometry of spillway profile, an 
attempt is made to fit in the profile to the underside 
of an overflowing jet from a sharp crest. Since this 
is possible for one particular head over the crest only, 
a number of practices are forthcoming. The Army 
Corps of Engineers, U.S.A. have recently adopted the 
practice of designing the profile for 75% of the 
maximum possible head on the crest. This results in 
sub-atmospheric pressures for the design head caus- 
ing an increase in the discharge. Sub-atmospheric 
pressures have not been considered desirable in the 
past, since these cause : — 

(i) an additional overturning mement on the dam. 

(ii) vibrations in the structure which 

harmful and, 


may be 


(iii) an absence of similarity between the model 

and the prototype. 

The U.S.B.R. practice is to design for the full 
design head over the crest as well as for a jet issuing 
under the gate when it is raised by one foot. 

The Rihand profile have been designed for the 
design head of 34 feet. To minimise negative pres- 
sures during part gate openings when the jet has a 
tendency to leave the surface, the sill of the radial 
gates has been shifted downstream of crest by 


7’-4 7/32” horizontally giving a 1 foot lower elevation 
of sill. This shifting of the gate would give a down- 
ward trend to the jet issuing from uncer the gate. The 
shift is also necessary to avoid interference in the 
rise of the radial gate with the spillway bridge. The 
pins for the radial gates are located on the piers at 
elevation 860.00 and the piers have been designed 


27 


for the unbalanced thrust transmitted by the inclined 
arms of the radial gates when one bay is overflowing, 
while the other gate is closed. 


The stability of the crest has been tested for the 
construction condition, for gates in the lowered posi- 
tion and water upto the top of gates, and for water 
flowing over the crest. For the construction condition 
steel has been provided in each lift to take the load 
of the green concrete in the next lift and a live load 
of 100 Ibs. per sq. ft. For the case when water is held 
by the gate, the crest section is safe and piers have 
also been tested to be safe for the total horizontal 
thrust combined with earthquake. The drag due to 
highly velocity flow on the crest surface is very low. 
Richer concrete is provided in the region of the crest 
in one foot depth, and finish will be done by vacuum 
pads. 


BUCKETS 

Water flowing down the spillway would acquire 
a velocity of 125 feet per second which will impart 
very high energy to the flow. The dissipation of this 
energy shall be obtained by. providing a bucket at 
the toe of the overflow section. The sound rock levels 
at site warranted a stepped construction of the bucket 
rising in stages towards the left bank and such a 
construction would have minimised excavation in 
sound rock and would have been most economical. 
The model tests on stepped bucket construction, 
however, indicated flow across the step and other 
complications due to non-uniformity of flow. Satis- 
factory performance could be obtained by providing 
divide walls at the step. which added to the cost of 
construction considerably. The most economical ele- 
vation to give a minimum total cost of rock excava- 
tion and concrete on the bucket invert, if provided 
throughout at one level, was found to be 625.00 and 
model test for such a bucket showed very satisfac- 
tory performance. The bucket was therefore adopted. 


A 3 feet wide closure block has been provided bet- 
ween the overflow dam and the bucket concrete. 
Concrete in the closure block shall be poured two to 
three months after placing the adjacent concrete. 

The high velocity jet while traversing the bucket 
causes a drag on the bucket surface. The drag force 


‘F’ in Ibs per sq. ft. is given by the relation F=C"5 
where W is the unit weight of water, V the velocity 
and C=0.0024,. The value of F works out to only 
37.5 Ibs. per sq. ft. which does not warrant any pro- 
vision of reinforcement. The horizontal force on the 
bucket as a whole due to the change in momentum 
of water from the invert to the lip of the bucket is 
resisted by the entire depth of the bucket concrete 
and has insignificant effect. 

Surface reinforcement has been provided by 1” 
diameter bars at right angles to the base line and 3” 
diameter bars parallel to the base line both at 1 ft. 
centre to centre. The bucket concrete has been an- 
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chored to the foundation rock by 1}” dia. bars at 
S’c/e to safeguard against uplift, corresponding to 
maximum reservoir and tail water levels, 50% of the 
dowels being continued to the surface mesh for 
obtaining support and to bind together various con- 
crete layers. The effect of dynamic forces of water 
in the bucket as a stabilizing force against uplift has 
been neglected. A system of drains has been pro- 
vided under the bucket concrete to reduce the uplift. 
These drains open into the side walls and downstream 
of the bucket lip. Reduction of uplift forces on the 
bucket concrete due to relief by the drains has not 
been allowed while designing the anchors, to be on 
the safe side. The bucket lip edges are protected 
from erosion by putting in steel plates. 


SPILLWAY TRAINING WALLS 


The training walls confine the flow on to the 
downstream face of the spillway and are six feet wide 
with a free board of five feet above the overflow pro- 
file for the design head. Exact determination 
of overflow profile on steep spillway slopes could 
not be done mathematically. Use could be made of 
Manning’s formulae which is the only available rela- 
tion for velocity determination in terms of slope. 
Determination of profiles by model studies does not 
give an exact picture of the prototype flow due to air 
entrainment, which occurs at a velocity of 20 feet per 
second and above. It has been established by experi- 
ments that the air entrainment is proportional to Fro- 

V? 

200 gD. 
Where m is the percentage of air entrained, V is 
the velocity of flow in feet per second and D is the 
depth of flow. The over-flow profile could thus be 
worked out by Manning’s relation, using a rugosity 
coefficient equal to 0.008, and increasing the depth of 
flow on the basis of entrainment of air worked out 
by the above relation. The U.S.B.R. instead recom- 
mends using a value of rugosity coefficient of 0.014 
to obtain the air entrained profile. The profile of 
overflow for Rihand Dam has been found out accor- 
dingly. The height of wall has been reduced towards 
lower levels, being 18 ft. at R.L. 808.23 and 14’-104” 
at 683.00, the slope of top of wall being 0.67 horizon- 
tal to 1.0 vertical. 


ude’s number and is roughly given by m= 


The structural design of the wall is based on con- 
sidering it as a cantilever from the dam and sub- 
jected to water pressure on one side (Fig. 9). The 
mements are calculated in a plane normal to the 
downstream face of dam, the component of water 
load normal to the dam face being taken as the effec- 
tive overturning force. Seismic forces in the transverse 
direction have also been considered. Reinforcement 
has been provided in the wall normal to the face of 
dam, normal working stress being taken for seismic 
and water load acting separately and emergency stres- 
ses for the two forces acting together. Expansion 
joints have been provided at forty feet intervals along 


the face of dam. To obviate the creation of undesi- 
rable effects due to differential thermal effects in a 
six feet wall and mass concrete in dam, the wall shall 
not be poured monolithic with the dam. Instead keys 
shall be provided in the mass concrete and the whole 
reinforcement shall be dowelled. 


SPILLWAY RETAINING WALLS 


The retaining walls have been proviced as exten- 
sions of the training wall. The alignment of these 
walls was tested extensively at the Irrigation Re- 
search Institute, Roorkee, to obtain scour condi- 
tions downstream of bucket and deposit of debris in 
the tail race for different grades of movable bed as 
well as for unerodable bed corresponding to the 
sound rock at site. Very long retaining walls were 
indicated on model tests in the initial stages to save 
the right bank of the river from erosion and to 
attain proper flow condition in the tail race. The 
length downstream of the bucket was reduced subse- 
quently to 125 feet on the east side and 50 feet on 
the west and satisfactory flow conditions were ob- 
tained, the smooth conditions in the tail race being 
assisted by the introduction of a regulator. This re- 
gulator has been provided for an additional facility 
for isolating the draft tube. However, to provide for 
a future necessity of extension the retaining wall bet- 
ween the tail race and the spillway, a further 100 
feet length of the retaining wall shall be made with 
its top above tail water level. The retaining walls 
have the top at elevation 638.00, ic. 3 feet higher 
than the maximum tail water level. (Fig. 10). 


Structurally, the walls are designed as vertical can- 
tilevers rising from the foundation rock. The portion 
of the wall in the bucket confined the curved flow of 
water and is thus subjected to a dynamic force in 
addition to hydrostatic force. The existence of dyna- 
mic force on the walls is supported by observation 
on piezometers fixed to the models. The retaining wall 
downstream of the bucket shall remain lower than 
the profile of water during maximum overflow con- 
ditions. It has however been found on models that 
this high water has no tendency to spread sideways 
and the wall is not overtopped. Piezometric pressures 
in this region indicate very low pressures as com- 
pared to the level of water, due to convex flow and 
high air entrainment. Water on the tail race side being 
upto the level of the tail water, the retaining wall 
gets more load from the tail race side inspite of the 
higher water level on the spillway side. To confirm 
the existence of low pressures in the prototype, piezo- 
metric tubes have been installed in the retaining wall. 
The design of retaining wall has been based on the 
weight of water on the spillway side being taken as 
62.5 lbs. per cu.ft. upto a height of 25 feet and 50 
Ibs. per cu.ft. above it. Uplift has been allowed on the 
base of retaining wall and seismic forces in the hori- 
zontal direction are taken equal to one tenth of gra- 
vity. Dowelling of the walls into the foundations is 
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required for safety and these dowels allow 1/8” extra 
for corrosion. Richer concrete has been placed on 
the faces of the retaining wall. 


OPENINGS WITHIN THE DAM 


The openings in the dam could be classified into 
two types: the hydraulic openings and other open- 
ings. The hydraulic openings are connected to the 
upstream reservoir and through these flows water, 
either at low velocity and high pressure as in the case 
of penstocks or at a high veocity and little pressure 
as in the case of outlet conduits, or else water is 
simply impounded in the opening such as in gauge 
wells or the penstock and sluice airvents. Other 
openings comprise a number of galleries inside the 
dam and vertical shafts inter-connecting the galleries 
and the galleries with the top of dam. 

The design of hydraulic openings is governed by 
(i) suitable hydraulic conditions and (ii) structural 
stability. The suitability of hydraulic conditions 
would depend upon the requirements of flow, while 
structural stability is attained by analysing the stres- 
ses around the opening and providing reinforcement 
where required. 


PENSTOCKS 


The penstocks provide a passage for water from 
the reservoir to the turbines. Minimum loss in head 
should occur during flow of water through the pas- 
sage. Vortices should not be caused to occur in the 
passage since such vortices travel upto the turbine 
and reduce the power available. The most economi- 
cal diameter of the Rihand penstocks has been found 
to be 16 feet and the alignment has been guided by 
following considerations, which are the normal stan- 
dards adopted by the U.S.B.R. 


(1) A length of 5 to 10 times the diameter of the 
penstock should be horizontal from the centre 
line of the unit, so as to have a uniform dis- 
tribution of water in the scroll case. 


(2) The radius of curvature in the penstock profile 
should be three to five times the diameter of 
penstock. 

(3) The entry into the penstock at the upstream 
face of dam should be sufficiently lower than 
the dead storage level. The minimum height of 
water above the penstock inlet is generally 
specified at 0.3 times the height of opening at 
inlet. 

The best turbine setting is obtained with centre 
line of runner at elevation 635.05 which becomes the 
elevation of the penstock at its joint with the scroll 
case. The penstock is then horizontal upto 80 feet 
from the centre line of turbine, where a curve of 6 
feet radius turns it to 35 degree to horizontal, and 
this slope continues to the inlet. The centre line of 
penstock intersects the upstream face of dam at ele 
vation 734.69. A seal of 29.63 feet is obtained upto 


““penstock area” 
0.6 Cos 6 
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the minimum reservoir level of 775.00, which is 
ample for the opening of 27.15 ft. height. 


The penstock being at an angle to the normal to 
the upstream face, the entry into the penstock is 
unsymmetrical and suitable inlet transition to induce 
the turn in flow and proper flow conditions has to 
be provided. The inlet transition profile depends 
upon the arrangement for intake emergency gates. 
Some of the Indian dams designed by C.W.P.C. have 
been provided with intake emergency gates inside the 
dam, two transitions being provided one from the 
inlet section to the gate section and the other from 
the gate to the circular penstock. 


The usual practice in U.S.A. is to provide the 
intake emergency gate on the upstream face of dam 
when only one transition from the rectangular inlet 
opening to the penstock is provided. Inlet transition 
for Rihand penstocks are also based on this practice 
and have been designed to correspond to the shape 
of a free jet from an orifice to its vena contracta, the 
orifice being at the upstream face and vena contracta 
at the penstock. The curves for reduction in area 
have been experimentally found out by various 
experimentors. An additional reduction in the area is 
required to induce sufficient acceleration in flow for 
the turn. Assuming a coefficient of contraction, with 
the side contractions suppressed, of 0.60, and the 
inclination of centre line of penstock being @ to 
the horizontal, the area at inlet is fixed as 


’ The profile of the transition from the 


rectangular inlet to the circular section of the pen- 
stock has been made to conform to the boundary of 
the free jet from the inlet to the vena contracta. The 
contraction curve is given by the ellipse 

X? y? 
l 





+ 
(1.1D)? (0.291 D)? 


The major axis of the ellipse for the top profile is 
kept horizontal, the top line of the penstock meet- 
ing ellipse tangentially. In the case of bottom profile 
the ellipse has the major axis paralel to the centre 
line of penstock, the bottom line of penstock being 
tangential to the ellipse. The profile is made tan- 
gential to the upstream face of the dam by providing 
a circular curve of radius b* between the elliptical 
a 
profile and the upstream face of dam. Adopting the 
elliptical curves for the vertical profiles, the height 
at the inlet is fixed and consequently the width. The 
variation from the width at inlet to the penstock 
diameter is linear. The sides of the transition are ex- 
tended upstream of the dam elliptically, thus sup- 
pressing the side contractions and providing space 
for the slots of intake gate and stop logs. The varia- 
tion of the area of transition from the inlet to the 
penstock section is in proportion to the reduction of 
area from the orifice to the vena contracta. The centre 
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line of the flow has been taken as the locus of the 
centres of chords of circles touching the top and 
bottom profile of the transition. The centre line of 
transition has been divi¢ed into equal parts and the 
height, and width of sections represented by chords 
passing through these points being fixed already at 
each section, in accordance with the area reduction 
curve for a free jet, the requisite area of section is 
provided by elliptical fillets at the four corners. 
These fillets gradually become bigger and bigger till 
the circular penstock section is obtained. 


AIR VENTS FOR PENSTOCK 

An airvent has been proviced just downstream of 
the penstock emergency gate to reduce the vacuum 
head on the gate when the gate is suddenly closed, 
and to exhaust air when the penstock is filled in for 
balancing the head on the two sides of the intake 
gate. The quantity of air required to be admitted 
during sudden closures has been fixed equal to the 
free discharge of water in the penstock with the in- 
take gate closed and the turbine wicket gates fully 
open. This quantity of air has to be supplied with- 
out developing high vacuum. The permissible limit 
of vacuum has been fixed at half the atmosphere. The 
area of air vent which would admit the required 
quantity of air without exceeding the negative pres- 
sure of half the atmosphere is worked out by dif- 
ferent available methods and fixed at a higher figure 
of 36 inches. This size of airvent gives a negative 
head of 6.15 ft. at the gate. 

The penstock end of the vent opens at R.L. 742.50, 
while the top of vent is provided with centre line at 
R.L. 887.50 which would not permit outflow of water 
through the air vent even in the event of reservoir 
being at elevation 886.00. The air vent opens on the 
downstream face of dam. 


OUTLET SLUICES 


The criterion of good hydraulic conditions in the 
case of sluices is the absence of negative pressures, 
and sudden variation in flow which may lead to cavi- 
tation. The tools for the study of water flowing under 
high velocities being still inadequate, the design of 
proper alignment for the outlet sluices is generally 
carried out by model tests. The Rihand sluices were 
no exception and extensive model tests were carried 
out at the Irrigation Research Institute. Roorkee. to 
determine the following: 

(a) Whether the sluices had sufficient capacity. 

(b) Whether pressures in the full length of the con- 
duit were positive for various gate openings 
thus assuring the absence of cavitation. 

(c) Whether the discharge from the sluice had satis- 
factory dissipation of energy both when spill- 
way and sluice are running together and when 
sluice runs alone. 


Model studies were based on providing two outlet 


sluices, each of capacity 2,500 cusecs, so as to obtain 
small standard size conduits which would require 
smaller control gates and which will cause lesser con- 
centration of stresses. Sluice profiles with inlet at 
770.00 and 710.00 were tested on models. (Fig. 11). 


The absence of cavitation in outlet sluices can be 
assured, if the hydraulic gradient line lies wholly 
above the conduit roof. Irregularities in the flow also 
tend to cause separation and if the sluice surface pre- 
sents a minimum of such irregularities, cavitation 
will not occur. Gate slots are a necessary evil as they 
provide the irregularities in the boundary of flow. 
Another type of irregularity in the flow, which is most 
conducive to negative pressures, is the departure of 
the boundary of flow from the natural flow pattern. 
In such circumstances, the flow is forced to corres- 
pond to the boundaries as against the natural ten- 
dency to flow otherwise. 

The alignment for the sluice with inlet at 770.00 
was kept horizontal from inlet to a sufficient length, 
a circular curve being provided at the end to have 
the outflow tangential along the downstream face. 
The circular curve in the profile forced the sluice dis- 
charge to take a turn and a tendency for separation 
at the begining of the curve existed, causing negative 
pressures. Such negative pressures were eliminated 
by providing a step in the floor and providing an air 
vent. The section of the sluice worked out to I1’ = 5’ 
and required a bigger size gate, though the design 
head on the gate was less. The arrangement was con- 
sidered unsatisfactory. 

A number of alignments were considered for the 
sluice with inlet at elevation 710.00. The sluice at 
this elevation is required to be 4’ x9 in size. The 
various layouts tested on models are : — 

(i) Sluices having constant cross section, the invert 
being horizontal upto 91.75 feet and then 
curved to meet the downstream face of spill- 
way tangentially. 

(ii) Sluice having constant cross section, the invert 
sloping uniformly from the inlet to the exit 
end at a slope of 31.56 horizontal to 12 ver- 
tical. 

(iii) Sluice having constant cross section upto the 
control gate and an enlarged section 5.5’ x 11’ 
downstream, the invert aligned as a trajectory 
for the jet issuing from the inlet orifice, but 
rotated as a whole through 5 -27’-36” to meet 
the bucket tangentially. 

(iv) Sluice having a gradually reducing section of 
the conduit from the inlet to the exit end, 
the invert being provided along the trajectory. 


Model tests indicated most satisfactory perfor- 
mance for the sluice having invert along a trajectory 
and section being reduced gradually. Enlargement of 
the section downstream of control gate caused nega- 
tive pressures upstream of the gate at full gate open- 
ing. A recuction of the sluice section at the gate re- 
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moved the negative pressures but the discharge was 
reduced. The sluice with gradually reducing section 
had a reduction of 13.7% the rate of reduction being 
as occurring in a free jet due to increasing velocity 
along the flow under gravity and neglecting friction. 
All through positive pressures were obtained with 
this alignment, which assures no tendency for cavi- 
tation, specially at the gate guides. Sluices with gra- 
dually decreasing section have been adopted for 
Rihand dam. 

Elliptical transitions have been provided at the 
inlet in accordance with the recommendations of 
Army Corps. of Engineers, U.S.A. The inlet dimen- 
sions are 6-8” by 14’-2}” giving an area 2.64 times 
the sluice area. The inlet has been found satisfactory 
on models, the discharge co-efficient being 0.836. The 
control for the sluices has been provided by a slide 
gate inside the body of the dam and a fixed wheel 
emergency gate at the upstream face. The emergency 
gate shall be lowered through a slot in the spillway 
pier which has been made wider to allow for such a 
construction. 


AIR VENTS FOR SLUICES 

Air vents are provided to give a passage for the 
movement of air to and from the outlet conduit. Such 
passage is required for: 

(i) Replacing the air sucked out by the hydraulic 
jump, if formed in case of partial gate open- 
ings. 

(ii) Supplying air as the hydraulic jump moves 
down the sluice when the gate closes, 

(iii) Exhausting air as the hydraulic jump moves 

up when the gate is opened. 

(iv) Providing air in a pocket between two jets. 

The air vents for the first three functions are loca- 
ted downstream of the emergency gate at face of dam 
and the control gate inside the dam whereas the air- 
vent for the fourth function is placed at the exit end 
to provide air in the space between spillway and sluice 
jets. 

Failure of the air vent to function properly may 
give rise to negative pressures inside the conduit, 
which might cause vibration of gates and cavitation. 
The capacity of airvent, therefore, has to be such 
that it does not fall short of requirements in the most 
critical conditions. 

Sub-atmospheric pressure is created downstream of 
the control gate for partial gate openings when the 
gates are operated under high heads. Largescale tests 
carried out for 4’ x6’ inclined conduits at Norfolk 
dam for operation under a head of nearly 160 feet, 
indicated that sub-atmospheric pressures are created 
when gate opening is less than 90°, of the gate height. 
Critical conditions were obtained for the gate open- 
ings of 15%, and 80%. Negative pressures were found 
to occur at 6 ft. to 7 ft. downstream of the regulating 
gate and the maximum pressure reduction with a 20” 
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circular vent downstream of gate, was measured as 
8 to 9 feet of water. The capacity of 20” diameter 
airvent, having 9.1% of the gate area, works out to 
525 c.ft. per second at a suction head of 8 feet, which 
equals to 24%, of the discharge through the sluice at 
full gate opening. 

A number of arbitary relations are available for 
fixing the area or the capacity of the air vents, while 
formulae have also been developed by a few investi- 
gators. 

Based on these available criterion, and somewhat 
on the safer side, the Rihand dam sluices have 12” air 
vent downstream of emergency gate, 30” air vent 
downstream of control gate and 12” air vent at the 
exit end. The air vents are open to atmosphere at top 
through the spill-way piers. 


DIVERSION CONDUIT 
The diversion conduits, being required to run 
during the construction period only under low heads, 
the flow conditions were not a major guiding factor. 
A 12 feet wide and 14 feet high horse shoe shaped 
conduit without inlet transition has been provided 
centrally in block 37. This conduit will be plugged as 
soon as the permanent river outlets are available for 
diversion and arrangement for proper back filling has 
been made. Shear keys have been provided and grout 
pipes have been laid for future grouting of the joint 

between the plug and the dam concrtee. 


GAUGE WELLS 
Still water surfaces at the same elevation as the 
reservoir and the tail water, which would not be affec- 
ted by waves and wind are obtained by providing, 
2’6” dia. vertical shafts inside the dam in block 34, 
connected to the reservoir and tail water through 
pipes. Automatic gauge recorders with floats shall 
transmit the gauge readings on to the Power Station 
Control Board. Valves are provided for draining out 

the wells and cleaning the pipe line. 


SYSTEM OF GALLERIES, SHAFTS AND 
CHAMBERS 

Galleries have been provided to enable grouting 
and drainage of dam foundations and providing ap- 
proach to the chambers inside the dam where equip- 
ment is placed for controlling the flow in various 
hydraulic openings. Vertical shafts interconnect vari- 
ous galleries and provide approach from the outside 
of the dam and these will house dog-legged staircase 
and elevators. — 


The clear concrete width from the upstream face 
of dam to the openings has been kept at a minimum 
of 10%, of the head of water at that level from con- 
sideration of seepage into the opening. The minimum 
distance of openings from the contraction joints has 
been fixed at 5 feet. 
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STRUCTURAL DESIGN OF OPENINGS 

Openings inside mass concrete cause a redistribu- 
tion of stress in the body of the dam, which results 
in heavy concentration of stresses around the opening. 
The exact analysis of such concentration is not pos- 
sible, as an opening inside the dam presents a three 
dimensional problem. The problem could be tackled 
by taking sections through the opening in various 
directions, which results in a two dimensional prob- 
lem of an opening in a plane. The handicap still re- 
mains since the stress distribution for openings in a 
plane could be obtained theoretically only for a cir- 
cular or elliptical opening in an infinite plane having 
uniform stress. The plane in the case of a dam could 
hardly be considered infinite and the stress is never 
uniform. Openings are also in some cases located 
close to the boundary of the plane. 

Most of the openings in the dam are rectangular in 
section. Stress patterns for rectangular openings have 
been determined by photoelastic studies, and coeffi- 
cients have been worked out for the total tension and 
compression existing at the boundary of the opening 
for unit primary stress in the plane. Such studies have 
been made for different ratios of the two sides of the 
opening. Circular openings close to the boundry of 
the plane have also been analysed by photoelastic 
method. It has been found that the stress pattern 
around the opening near the boundary of the plane 
becomes the same as that of an opening existing in 
an infinite plane, when the opening centre is located 
at a distance of three times the diameter of the open- 
ing. Circular openings close to the boundary could 
also be studied mathematically by considering a cir- 
cular plate having an eccentric hole, while the radius 
of the plate becomes infinite. 

To obtain the pattern of stress concentration around 
an opening, the section plane of the opening is 
assumed to have a constant uniform stress corres- 
ponding to that at the centre of the opening, calcula- 
ted on the assumption that the opening does not exist. 
The value of the stress at the centre of the opening is 
worked out by gravity analysis of the dam section. 


The stress concentration around the openings is 
calculated in accordance with the following procedure 
for different openings. 

(1) The stresses around the gallery opening have 
been worked out by the use of U.S.B.R., Engineering 
Monograph No. 12, which gives the stress pattern 
for a gallery of similar shape. 

(2) The stresses around other rectangular openings 
away from the boundary of the dam have been worked 
out by the use of coefficients given in U.S.B.R. Tech- 
nical Memorandum by H, Boyd Philips. Stress con- 
centrations around rectangular openings have also 
been worked out by considering an equivalent circular 
opening having its centre coincident with the 
rectangular opening, and increasing the total stress 
by 30°.,, to account for the effect of sharp corners in 


rectangular openings. In a few cases analysis has 
also been done on the basis of an inscribed elipse 
and increasing the total stress by 30%. 


(3) The stresses around circular openings have 
been worked out in accordance with U.S.B.R. Tech- 
nical Memorandum No. 457. 


(4) For openings close to the boundary, stresses 
around circular openings have been worked out by 
the use of U.S.B.R. Tech. Memo. No. 597. Where 
Openings are rectangular in shape, the analysis has 
been based on an inscribed circle placed tangential 
to the opening near the boundary, the stress concen- 
tration being increased by 30%. 

The design of hydraulic openings has to account 
for the internal pressures in the opening cue to head 
of water, shrinkage in concrete and a temperature 
gradient caused around the opening due to cooler 
water passing through the conduit as compared to the 
temperature of mass concrete in dam. The effect of 
these factors is to create tensile stresses all around 
the opening which have been allowed in the design 
computations in accordance with U.S.B.R. Tech. 
Memo. No. 457. 


Reinforcement around the openings in Rihand 
Dam has been provided for the total tension around 
the opening, assuming that the concrete takes no ten- 
sion whatsoever. The compressive stresses around the 
openings are generally not very high as to require 
reinforcement in concrete; higher strength concrete 
being specified around the openings in a distance of 
three feet. Where higher compressive stresses are met, 
reinforcement is designed accordingly. A nominal re- 
inforcement not less than 4” dia. bars at 1’ c/c how- 
ever, has been provided in the compression region of 
the openings as well. Steel in tension zones is pro- 
vided at a minimum of }” diameter bar at 1’ c/c. 

A question has often arisen whether the steel liner 
in the hydraulic openings should be considered as a 
reinforcement or not. The question is most pertinent 
in the case of penstocks which are practically lined 
all through. (The outlet conduits of Rihand Dam are 
lined only from the inlet to the control gate, while 
the penstocks are lined from downstream of transi- 
tion to the exit end). Varying design assumptions 
have been made from time to time. Fontana Dam. 
constructed during the War period, when structural 
steel was in short supply, used the criterion that the 
steel liner will have a stress of 8,000 psi and the re- 
inforcement, 16,000 psi for the upper 198 feet of the 
conduit. Shrinkage forces were assumed at 120.000 
pounds per linear foot of conduit. The shrinkage 
effect was allowed totally in the reinforcement bars 
and the stress allowed to go upto 30,000 psi. Tension 
of 75 psi was allowed in the concrete as well. For the 
lower 184 feet of the conduit, the full water load was 
carried in the plate, while reinforcement was provided 
only for stresses caused by volume changes. 


Strain meters were fixed to the steel liner and 
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surrounding reinforcement on the Hungry Horse 
Dam, though final results of measurements by such 
meters are not yet available. 

The reinforcement around penstock openings at 
Bhakra Dam has been reduced by 50% of the liner 
plate area. The same criterion has been used on the 
Chambal Dam penstocks. 


Considering the structural action in general, the 
liner is embedded in concrete, and any gap between 
the liner and the mass concrete, which may occur 
due to shrinkage, is grouted. Moreover, the liner has 
stiffeners and the reinforcement around the liner is 
welded at a number of points to the liner, making the 
liner as a whole rigidly fixed with the concrete. On 
the applicantion of load from inside or outside, the 
liner is not free to take the deformations and come 
fully into play. A joint action of concrete and the 
liner would occur, resulting in very low stresses in 
the liner and reinforcement in concrete, till the con- 
crete cracks. If the analysis be made by considering 
a hollow cylinder of composite materials, the stress in 
liner would be very low, and the entire tension steel 
for the opening will be required to be placed in con- 
crete on the assumption that concrete does not take 
any tension. On the other hand it can be argued that 
all the liner is at the surface of the opening where the 
stress concentration is maximum and it should be 
perfectly correct to assume the entire liner as a re- 
inforcement, if the opening be considered to exist in 
an infinite plane. Final design practice for the pro- 
vision of steel is yet to be evolved. Reinforcement 
required by the analysis of the penstock opening for 
Rihand Dam has been only nominally reduced, the 
reduction being equal to 10% of the liner area. The 
liner has been designed for the hydrostatic head plus 
water hammer, while the reinforcement around the 
opening is designed for the hydrostatic head only. 


It has often been suggested that considerable redis- 
tribution of stress occurs due to plastic flow and the 
stress concentrations around the openings are actual- 
ly not so high as determined by photoelastic tests or 
by theoretical calculations. The design of Bull Shoals 
Dam openings allows for a 30% reduction in stress 
concentrations due to such relief. No such reduction 
has, however, been carried out for Rihand Dam. 


INTAKE STRUCTURE 


Each penstock has been provided with a cage type 
intake structure extending upto elevation 860.00, for 
installing trashracks, stoplogs and intake gates. This 
level of the reservoir is expected to be attained each 
year and it would be possible to have annual ap- 
proach to the trashracks for maintenance. The guides 
for the stoplogs and the penstock emergency gate will 
extend to the top of dam and lowering of the stop- 
logs could be done at any time by a cantilever arm 
gantry running on the top of the dam. The structure 
comprises vertical piers and side walls extending out 
of the dam and interconnected by horizontal braces. 
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The cylinders for the hyrdaulic operated emergency 
gate hoists are suspended by a frame resting on the 
mass concrete at one end and a reinforced concrete 
beam connecting the side walls on the other at ele- 
vation 890.92, while motors and other auxiliaries are 
placed in chambers inside the side walls of the struc- 
ture. 

The trashrack has been provided in five bays 9’-5” 
wide and 56 feet high from elevation 706.00 to ele- 
vation 762.00. The sections of the braces and piers 
upto the height of the trashracks are streamlined. The 
side walls are also streamlined in a height equal to 
that of the trashracks, the surface being an elliptical 
extention of the sides of the penstock intake transi- 
tion, the major axis normal to base line of the dam 
being “0.55 b,” and the minor axis equal to 
“0.2134b,”, where ‘be” is the width of section at 
the inlet. The intake gate guides are located at the 
upstream face of dam, while the guides for the stop 
logs are located at the upstream end of the side walls. 


To obtain good flow conditions and no obs- 
truction to the streamlines, the piers and the 
bottom platform have been placed outside a hemi- 
sphere of radius O.8h,_ (21.72ft.) where he is 
the height of penstock inlet opening. Above the 
trashracks, the piers have been cut down in section 
and a breast wall has been provided upto elevation 
860.00. The horizontal braces have been spaced 
11’6” c/c against the trashracks and 10’-11” above 
it. All the members of the intake structure are de- 
signed for a differential head of 15 feet, which cor- 
responds to 95% choking of the rack area. The rack 
bars transmit the water load to the vertical piers, 
which are supported on horizontal brace frames. 
Moments are thus caused in the piers and braces due 
to the differential head on the rack and breast wall. 
The application of load due to differential head on 
the trashrack has been considered in a variety of 
ways to obtain the worst effect on the horizontal 
brace frames. The bottom platform projects 30’-14” 
from the upstream face of dam, though the cantilever 
portion is 10’-74” only, since mass concrete has been 
added in a width of 19’-6” upstream of base line for 
stability requirements. For design of bottom plat- 
form cantilevers, all the load of piers etc. is supposed 
to be carried by the cantilever, no transference being 
allowed due to horizontal brace frames. The side 
walls have been designed as horizontal cantilevers 
under the differential head. 


The intake gate slot and stoplog slot through the 
top slab at 860.00 will be covered by gratings. Gra- 
tings, whereever required, are designed for a live load 
of 500 Ibs. per sq. ft., so as to be very stiff against 
deflection under load. 


SPILLWAY BRIDGE 


The spillway bridge shall be a T-beam R.C.C. or 
structural steel structure simply supported at the 
ends. Link slabs of short span shall be given above 
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the piers. Provision has been made to carry the gan- 
try crane on the bridge, the beams being provided 
under the crane rails. Only two beams can be provided 
due to the placing of hoisting equipment for the radial 
gate on the piers. The design of the spillway bridge 
shall be finalised after final decision in respect of 
award of contract for the radial gates and _ hoists, 
when it would be definitely known as to what equip- 
ment is being received. 


ELEVATOR TOWERS 

Two towers have been provided just downstream of 
the roadway on the top of dam. The towers built in 
reinforced concrete, shall be at either end of the spill- 
way and shall besides providing approach to the ele- 
vator and hoist shafts, house utilities for the visiting 
public. The tower on the power house side has a 
20,000 gallon water tank for fire fighting in the trans- 
former area. 


GALLERIES UPSTREAM OF POWER HOUSE 

A system of galleries has been made upstream of 
the powerhouse and rising from the dam for locating 
electrical equipment and cables, the topmost floor 
being used for the transformers. (Fig. 13). The cons- 
truction has been planned by providing reinforced 
concrete columns, beams and slabs, while the down- 
stream face of dam has been stepped to suit the floor 
levels. The R.C.C. structure has columns rising from 
elevation 622.00 to 683.00 and a wall with pilasters 
from 650.00 to 683.00 while beams are provided con- 
necting the mass concrete of dam to the wall pilasters 
and columns. Two columns, 8’ x 2.5’ are provided in 
each block to support the transformers. The R.C.C. 
frame structure has to be discontinuous at the block 
joints where double columns are provided. The struc- 
ture has been designed for the following loads: 

(1) Dead load and live loads as specified for each 
floor. 

(2) Seismic forces of g/10 acceleration. The seis- 
mic forces have been taken only on dead load 
and 4rd of the live load. 

(3) Temperature variation of 50°F. 

The permissible stresses are taken as 750 psi com- 
pression in concrete and 16,000 psi for tension in steel 
for normal loads. These stresses are increased to 1000 
psi and 20,000 psi when seismic force is allowed and 
further increased to 1200 psi and 24,000 psi when 
both seismic forces and temperature stresses are al- 
lowed. 


WATER SUPPLY ARRANGEMENTS 
Two eight-inches diameter pipes have been embed- 
ded in block 23 to supply water to high head pumps 
installed within the dam. These pumps will supply 
water to the filtration plant for the colony supply. 
In addition one two-feet diameter pipe is being 
placed on either bank to supply water for the indus- 


tries which might develop on the two banks. These 
pipes shall be initially closed by blind flanges. Valve 
chambers are being provided inside the dam with 
approach from the cownstream. 


BLOCKOUTS FOR THE PENSTOCK 


During the progress of work it was found that the 
plates for fabrication of penstock were in short sup- 
ply and the penstock could not be embedded in the 
concrete in the normal manner. It was at the same 
time necessary to raise the blocks upstream of the 
power house to sufficiently high level so as to avoid 
flooding of the powerhouse area in monsoon 1958. 
The dam could have been raised to higher level before 
monsoon 1958, only by one of the following 
methods : — 

(1) making a tunnel for the penstocks, allowing 
about 3 feet all round the liner for placement 
of steel and embedding the liner. 

(2) Constructing the dam in a stepped profile, al- 
lowing a clear space of 5 feet under the liner. 

(3) Constructing the dam with a deep recess to 
allow placement of penstock and back filling 
later. 

The tunnel profile would have allowed for cons- 
truction of the dam to higher levels irrespective of the 
placement of liner. This method could not be adop- 
ted however due to likely celay in construction which 
would have made it impossible to achieve the obliga- 
tory levels of the dam blocks. Stepped construction 
was preferred for expediency in construction (Fig. 14). 


To provide proper bond between the two con- 
cretes, reinforcement bars have been provided both 
on the horizontal and vertical faces and arrangement 
for grouting of the vertical faces has been made. The 
dowels on the vertical face have been designed to 
transmit vertical shear in excess of 100 psi on 
the joint surface which is assumed to be deve- 
loped by grouting and bond. The topmost lift of 
stepped construction has been given vertical steel bars 
to safeguard against the development of tension by a 
behaviour of dam, as if resting on a steep base. A hori- 
zontal mat of steel bars has also been provided in the 
first continuous lift at the edge of the topmost step 
to check any tendency of a crack developing along 
the vertical joint line in the lift below and extending 
to higher levels. Grout stops have been provided to 
confine the grout to the desired area and restricting 
it from reaching the contraction joint. 


PREPARATION OF DRAWINGS 


Block drawings are prepared for each block of the 
dam showing all the features in the block and refe- 
rences are given for detailed crawings of each feature. 
List of embedments required in each block is also pre- 
pared and supplied for facility in arranging the vari- 
Ous embedments in advance. Drawings for various 
features are prepared in sufficient detail. Bar sche- 


(Continued on page 22) 








Control Equipment for Rihand Dam 





OR the control and operation of reservoirs of 

dams or other water surfaces controlled by other 
hydraulic structures it is essential that suitable equip- 
ment should be installed in the structure which may 
permit controlled flow of water. The purpose of such 
equipment is dependent upon the function for which 
the hydraulic structure is built and its location and 
design is dependent upon many inter-related hydrau- 
lic and structural considerations. 

The general layout of equipment for Rihand Dam 
and their salient characteristics and design criteria 
are discussed in this article. The general description 
of the Rihand Dam necessary for reference to this 
article has already been dealt with in other articles. 
Reference may be made to the design criteria and the 
specifications and drawings issued from the Rihand 
Dam Design Directorate for the Cetails. 

The control equipment has been divided into fol- 
lowing heads for convenience of study. 

(i) Equipment for intakes. 

(ii) Equipment for outlets. 

(iii) Equipment for spillways. 


EQUIPMENT FOR INTAKES 
General Layout 

The general layout of equipment for intakes of 
Rihand Dam is shown in Fig. 1. Water required for 
power generation is led from the upstream face of 
the intake section of the dam through separate six- 
teen ft. diameter penstocks, embedded in the dam, 
individually to each turbine of the power house 
situated downstream at the toe of the dam. At the 
upstream of the penstocks, gates are provided to stop 
the flow of the water to the respective individual tur- 
bine units, normally for purpose of inspection and 
maintenance of penstocks, turbines, valves and other 
equipment. Their main use, however, is in_ the 
emergency when the control of turbine units suddenly 
becomes inoperative, resulting in runaway of tur- 
bines. These gates are never used for regulation of 
supplies to the turbines. 

Upstream of the penstock emergency gates, pro- 
vision is made for the installation of a set of stop- 
logs for the purpose of inspection and maintenance 
of penstock emergency gates without taking them 
out. Only one set of stoplogs consisting of a number 
of units required to seal off the intake completely 
from bottom to top of opening is required. 

At the upper most end trashracks are installed to 
protect turbines. etc., from unusually large debris. 


Details of the various equipment are discussed as 
follows. 


By M. C. CHATURVEDI 


Penstocks 


Salient details of penstocks as used for Rihand 
Dam are given in Fig. 2. 

The alignment of the penstocks and their dimen- 
sions are determined from considerations of economy 
and suitability of hydraulic characteristics. The de- 
sign should produce steady flow conditions, freedom 
from excessive turbulance, and satisfactory rates of 
acceleration and deceleration of flow in accordance 
with the response of the governor to load changes 
on the electrical system. 


The diameter of the penstocks has been determined 
from the consideration of economy and has been 
checked to see that the acceptable velocities specified 
as 5 ft. per second for low head and 30 ft. per second 
for high head installations are available. The impor- 
tant factors and elements of cost that varies with 
the diameter consist of cost of power lost on account 
of frictional and hydraulic head losses, and capita- 
lised maintenance cost. Other elements such as varia- 
tion in cost of intake structure, intake equipment and 
governor etc. can be neglected in preliminary deter- 
mination of economical diameter. The selection of 
economical diameter can be conveniently done by 
the following formula, derived from consideration 
that for least cost the differential of cost factors ex- 
pressed as a function of diameter should be zero’. 


Je 2.9 3 
—T efb (5.76392 Kg Q*:’ Ly + 74.82876 Kz Q’) See; 
668 Hav Ly (1+i) 


Where D=most economical internal diameter, e= 
overall efficiency of the plant, f=a loss factor cor- 
responding to the load factor under which a plant 
operates, b= value of power lost by friction and other 
hydraulic factors expressed in dollars, K,=coefficient 
for head lost due to friction, Q=discharge at rated 
head, Le =length of pipe used for friction loss, Ke 
“sum of all constants for hydraulic losses, e; =a 
gross allowable tension in steel penstocks, e; =effi- 
ciency of joint of penstock, H=average head on the 
penstock, a=cost of steel in dollars per lb, r=ratio 
of annual fixed operating charges to construction 
cost, L, =Length of penstock, i=percertage over 
weight of steel due to laps ete. 
_ An empirical formula, also consistent with theore- 
tical consideration, which was used is 


+43 


D=4.44 
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Where P=rated h.p. of turbine and H=rated 
head. 

From all these considerations the diameter of pen- 
stocks was fixed as 16’. 

The loss of head for Rihand intake calculated 
from the standard formula' worked out to 1.41’ 
which is well within the reasonable limits. 


The penstock conduits are steel-lined right from 
the spiral casing to the point where the intake transi- 
tion ends. Although the liner is embedded in con- 
crete, it is the usual practice to design it for the full 
pressure head including the hammer head so as to 
prevent its brusting in case it separates from the con- 
crete at any location. Welded steel penstocks have 
been used for Rihand Dam on account of economy 
and efficiency. 

Water hammer in penstock depends on the closing 
time of the wicket gates of turbines, the hydrostatic 
head and on the length of the penstock. The maxi- 
mum pressure rise occurs at the wicket gates from 
which point it diminishes uniformly along the length 
of the penstock to zero at the intake. It can be cal- 
culated according to the standard practice’. 


The fastest specified governor setting is 3 sec., but 
to cover cases of maximum pressure rise, when 
closure starts from some relatively small percentage 
of full stroke water hammer head for a closing time 
of 2 seconds, has been computed. It works out to 50’ 
of water head at the wicket gates and reduces uni- 
formly to zero at the intake end. 


The penstock liner is designed for two conditions; 
first when it is subjected to full hydrostatic head and 
design stresses are normal, and second—when it is 
subjected to full hydrostatic head plus water hammer 
head and emergency design stresses are adopted. The 
penstocks shall be made of weldable steel and 
accordingly, in conformity with the standard practice, 
steel of A.S.T.M. designation A 285-47 or equivalent 
has been specified to be used. A design stress of one 
half the yield point, which works out to 15,000 p.s.i. 
is adopted for normal cases. To take into account 
the embedment in concrete, a design stress equal 
to two thirds of the yield point, which works to 
20,000 p.s.i., has been used, where minimum cover 
is equal to or more than one half the static head. 
For emergency conditions a design stress upto two 
third of the yield point has been used. A corrosion 
allowance of 1/16” has been adopted. 


Double welded butt joints have been used for all 
longitudinal joints, which shall be thoroughly radio- 
graphed. The joint efficiency has been taken as 100%. 
The liner is primarily subjected to hoop stress and 
the liner thickness is determined from this considera- 
tion. The thickness works out to 8/16” at the up- 
stream end and is increased in increments of 1/16”, 
maximum thickness being 13/16”. No stress reliev- 
ing is required upto thickness of 1}”. Stiffener rings 
3/4” thick and 8” high placed symmetrically at 12’ 


apart in each liner of 20’ length shall be provided to 
retain their shape during erection, and embedment. 
Percolation stops are provided at the intake end as 
shown in the drawing. 

Liner pieces 20’ long are fabricated in shop so that 
their maximum weight is within the capacity of the 
cable way. They shall be hydrostatically tested in 


40,000t , . 
shop for a water pressure of D p.s.i. where t is 


the thickness of the liner and D the diameter in 
inches, 

In addition to the usual accessories, such as man- 
hole, piezometer connections, drain and filling line 
connection air inlets and outlets, one expansion joint 
will be installed at the lower end to permit longitu- 
dinal expansion and contraction and to allow trans- 
verse movement on account of any possible 
differential settlement of the dam and the powerhouse. 
The details of the expansion joint are shown in 
Fig. 2. 

Hemispherical steel bulkheads have been provided 
for closing the sixth penstocks, and for closing the 
other penstocks also, during installation of turbines 
etc. 

The total tonnage of steel in penstocks, supports, 
expansion joints and bulkheads is 1169 tons. Pen- 
stock liners are being manufactured by M/S Hindus- 
tan Construction Co. at site and bulkheads and 
expansion joints are being manufactured by M/S 
Wagner Biro of Austria according to departmental 
specifications and detailed drawings. 


Fixed Wheel Intake Gate 


At the upstream end of the penstocks fixed wheel 
gates are provided as described earlier. Their salient 
details are shown in Fig. 3. 


For routine inspection and maintenance the water 
pressure acting on penstock gate is balanced by clos- 
ing the turbine wicket gates and filling the penstock 
with water through filling line before opening the 
gate, if necessary. In emergency, however, the gate 
may have to be closed suddenly from full open posi- 
tion in less than 14 minutes and in this condition the 
gate closure may have to be done against full un- 
balanced water pressure. The gates are, therefore, 
kept suspended, submerged in water, just above the 
intake opening ready to be lowered immediately. 
They are suspended from hydraulic hoists which are 
located at the upstream face at the top of the dam. 


The principal features affecting the design of the 
fixed wheel gate are the magnitude of the loading, 


the size of the gate and the capacity for self or forced 
closure. 


From the considerations of operational factors, it 
is obvious, that the gates may be subjected to full 
hydrostatic head plus vacuum head on account of 
sudden closure of the gate and downpull. Air vent is 
provided immediately downstream of the gate in the 
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top of intake transition to supply air to reduce the 
vacuum head. The design and function of air vent is 
discussed elsewhere. In case of Rihand Dam, even 
with the air vent, the gates are subjected to a vacuum 
head of 4.6 ft., and adopting a factor of safety of 
2.5, a vacuum head of 11.5 ft. has been adopted for 
designs. The total head of water for which the gates 
have been designed works out to 160 ft. 


During emergency closures the upstream face and 
the top of the gate are subjected to nearly constant 
pressure while there is a decrease in pressure on the 
downstream face and bottom of the gate on account 
of the conversion of pressure head into velocity head. 
This causes an unbalance of vertical pressures re- 
sulting in a downward force on the gate generally 
referred to as downpull. The downpull is reduced 
by providing suitable shape to gate lip and by pro- 
viding recess in the dam face on the top of the intake 
opening. Downpull is computed on basis of tests 
made for similar installations on other dams or on 
basis of theoretical considerations’. It was computed 
to be about 56,000 Ibs. for Rihand Dam gates for 
condition of restricted discharge. Downpull is to be 
taken care of in providing the hoist capacity. 


The gate is designed so that it may close under 
self weight if possible. The forces opposing downward 
motion are friction of the wheels and the seal. Two 
types of bearings, viz., self-lubricating bearings and 
anti-friction bearings are available for use with 
wheels. The friction of the latter is about 1/10th 
that of the former. The frictional resistance of wheels 
is determined by the following formula. 


P 
F=—(f, +rf,) 

R 
where F =frictional forces in lbs., P=total water pres- 
sure against gate in lbs, R=radius of wheel in ft, 
r=radius of wheel pin in ft, f;-=coefficient of rolling 
friction = .003 for self lubricating or antifriction bea- 
ring, f, =coefficient of axle friction=0.1 for self lubri- 
cating bearing and 0.01 for antifriction bearing. 

The friction resistance on account of seals is more 
indeterminate depending on the length of seal, con- 
tact area and deformation etc. It has been found that 
a doublestem rubber seal with brass bound nose as 
shown in the drawing is most efficient for such instal- 
lations. The frictional force is given as follows. 

F, = .217 H, UL 
Where F,=seal friction, H,=average hydrostatic 
head in ft, L=total length of seal in inches and U= 
coefficient of friction= .3. 

The gate consists primarily of a skin plate sup- 
ported by horizontal beams and vertical stiffeners 
which are supported by two vertical girders at the 
side ends. Fixed wheels are located between the ver- 
tical girders. Vertical girders are also attached to the 
middle of the skin plate to give it rigidity for lifting 
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and for proper distribution of load. The lifting 
stem of the hoist is attached to three top horizontal 
beams. The wheels move on and transmit the load 
to the tracks located on the face of the concrete struc- 
ture. The tracks are supported on trackbase which 
are embedded in concrete. The wheel load is trans- 
mitted to the concrete through the tracks and track- 
base. Guide shoes are located near the top and bot- 
tom on each side of the gate to keep the gate in posi- 
tion laterally. 


Gates can be made of welded or rivetted construc- 
tion. The girders can also be either of rolled shapes 
or may be of welded plate construction. From con- 
siderations of economy and availability of steel, a 
completely welded gate has been decided to be got 
manufactured. 


On account of the size of the gate and transport 
difficulties, the gates shall be made in five units 
which shall be rivetted together at site. Each unit 
has two wheels on either side. The vertical girders of 
the various units shall be joined at the webs only so 
as to provide a semiflexible arrangement which 
ensures that even in case of some misalignment all 
the wheels are uniformly loaded. The structural ar- 
rangement of the gate adopted was arrived at after 
consideration of economy for various alternative ar- 
rangements. 


The skin plate is designed as a flat plate supported 
continuously on four sides. A convenient way of eva- 
luation of end moments is by Dr. Marcus’ equation’. 
An important factor in the structural design is the 
estimation of the length of the skin plate acting as 
flange of the horizontal beams and the stiffeners’. 
The skin plate is subjected to two dimensional stres- 
ses while acting alone and also while acting as 
flange of the horizontal beams. The combined stresses 
in various combinations should be within safe limits 
according to Westergaard’s criteria’. 


Structural steel conforming to I.S. 226-1950 or equi- 
valent is proposed to be used for gates and the safe 
tensile stress is 18000 Ibs per sq. inch with a corro- 
sion allowance of 1/16”. Alternatively the corrosion 
can be taken care of by adopting lower stresses of 
15000 p.s.i. in tension. 


The fixed wheels of the gate serve as the support 
for the gate leaf and transfer the loads to the track 
and trackbase. The wheels are spaced equally. To 
avoid undue concentration of stresses in wheel rim 
and track which may be developed on account of de- 
flection of gate under load, wheel and gate drift etc, 
the track is given a suitable curvature so as to pro- 
duce a rise of about 1/32” at the crown. The wheels 
and tracks shall be made of cast steel 180 to 220 BHN 
and 250 BHN respectively. The dimensions of the 
wheel are determined from the consideration that the 
critical stress on the projeced area should not exceed 
the factor 24.5 x BHN - 2200. In addition the con- 
tact stress as determined by Hertz’s formula? should 
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be within safe limits. The wheels are mounted on 
eccentric pins to provide for alignment. 

he selection of antifriction bearings is made from 
the standard products of reputed manufactures, such 
that they are suitable for the conditions of operation 
and load capacity. 

Disc springs are provided on either side of the 
wheels to centre them when they are off-load. Double 
flat springs may also be used. 

The gate frames consist of track, track base and 
seal seats. During the first stage, concrete blockouts 
are left to house the trackbase and sufficient number 
of anchor bolts are embedded to provide the neces- 
sary bond between the stages of concrete and to pro- 
vide means of fastening and aligning the trackbase. 
The trackbase is connected to these anchor bolts 
aligned and then the blockout is grouted. The track 
is connected to trackbase by removable cleats. 

The design of track and trackbase is done accor- 
ding to Biots treatment of bending of infinite beams 
on elastic foundation. It is checked that the ciamen- 
sions of track and trackbase are sufficient to contain 
the prism of projection of contact elipse between 
wheel and track’. 

For sealing of the gate, double steam rubber seals 
with a brass bound nose as shown in the figure have 
been found to be most satisfactory. Agreement is 
made for admitting water under full head on the 
back of seals so that positive closure is obtained. The 
seal is connected to the gate with stainless steel 
clamps and bears against a stainless steel seat. 

Two spring backed shoes are provided on each 
side of gate to engage on the guide provided on the 
concrete face to keep the gate in position laterally. 

The total weight of five gates and gate frames for 
all the six intakes is 521 tons. The gates are being 
manufactured in India by M/s Texmaco in collabora- 
tion with M/s. V.O.E.S.T. of Austria, in accordance 
with the detailed drawings and specifications issued 
departmentally. 


Penstock Gate Hoist 

Fig. 4 shows the general installation of Penstock 
Gate Hoists. Each hoist is supported on a frame 
spanning the gate slot at the top of cam. The hoist 
consists of three steel cylinders of 20 in inner diame- 
ter bolted together at flanges in which oil under pres- 
sure operates a piston. The piston is connected to 
penstock gate through a set of stems connected to 
One another through pairs of clevises. The clevises 
form a hinged joint. Oil under pressure is supplied 
from a common oil tank through individual hoist 
power cabinets. The operation of the hoist is con- 
trolled from panels located adjacent to each hoist. 
The panel has three push buttons marked ‘CLOSE’, 
‘OPEN’ and ‘STOP’. The pressing of a push but- 
ton starts and completes the full action after which 
the hoist automatically comes to a stop. For emer- 


gency closure of penstock gate an emergency switch 
is provided at the powerhouse control panel. During 
operation of this switch all other push buttons in the 
control circuit become inoperative till the closing 
cycle has been completed. 

The penstock gate position is indicated on the 
power cabinet dial by means of sprocket and chain 
connection with the piston stem. A set of red and 
green light indicators are provided at the adjacent 
operating panel and at power house control panel for 
each hoist and indicate the full open and full close 
positions of the gates respectively. Both the lights 
remain on when the gate is in intermediate posi- 
tion. 

The design load capacity of the hoist is computed 
from the load exerted by the penstock gate during 
emergency gate opening cycle. The hoisting load is 
sum of gate weight, weight of moving parts of hoist, 
downpull force, and friction of gate and moving 
parts of hoist*. The capacity for Rihand Dam intake 
gate hoists works out to 250,000 Ibs. The period of 
Operation of the hoist is fixed as under: 


(i) Maximum closing time at any reservoir eleva- 
tion upto 880.00—3 minutes. 

(ii) Minimum closing time at any reservoir eleva- 
tion upto 775.00—1 minute. 

(iii) Maximum opening time at any reservoir ele- 
vation upto 880.00—30 minutes. 

The lift of Rihand Dam penstock gate is 30 ft. 
11} in. For gate closure in 1} minutes this gives a 
speed of about 20 ft-8in. per minute. This speed is 
controlled by a throttle valve connecting the oil 
below the piston to the top of hoist. 

The hoist is designed to operate at a pressure of 
1000 p.s.i., which pressure is not exceeded in the 
worst Operating condition. 


The gate and moving parts of hoist, in full open 
Or partial open positions, remain suspended from 
piston which is supported on oil under pressure and 
any leakage of hydraulic oil past the piston causes 
the gate to lower. To minimise this leakage the pis- 
ton is provided at its top with Cheveron or U-type 
oil-tight packing in addition to the conventional pis- 
ton rings which are provided primarily to enable to 
replace the oil-tight packing with the piston in top 
position by removing only upper cylinder head. The 
stem is also packed with Cheveron or U-type packing 
in addition to the water-tight packing where it runs 
through the lower cylinder head. At about 12 inches 
from the end of closing cycle the downward motion 
of the gate is damped so that the piston contacts the 
lower cylinder head at the end of its motion with 
practically no shock. 


For dissembly, the piston is brought to the top 
position and is locked by a hand wheel operated 
latch housed in the upper cylinder head. The hoist 
is lifted and all oil is drained off before dissembly. 
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As mentioned earlier the oil for all the six hoists 
is stored in a central tank of sufficient capacity. 

Each hoist is operated from control panel located 
adjacent to the hoist. Each control panel has a con- 
trol cabinet housing an electric motor, oil pump, 
motor starter, hydraulic equipment, piping, push but- 
tons, pressure switches, relays and miscellaneous 
equipment required to complete the equipment. Se- 
parate motors, and pumps are provided for all the 
hoists from considerations of sensitiveness and re- 
liability of operation. It is desirable to keep the con- 
trols as near the hoist as practicable so that the true 
pressure variations occurring in the hoist cylinder 
may be conveyed to control circuit. 

Fig. 4 illustrates the lay-out and operational sequ- 
ence of the control for one gate hoist. The controls 
consist of elementary circuits, selection of which de- 
pends upon the type and nature of service required. 
The circuits are made automatic in action by intro- 
ducing pressure switches which make or break the 
circuit in a specified range of pressure. The pressing 
of a push button actuates a series of these control 
circuits. During opening and closing cycles the 
circuits operate the throttle valve so as to connect the 
oil in the space below the piston to the space above 
it. The flow of oil through the throttle valve is con- 
trolled during the entire cycle so as to effect the com- 
pletion of the cycle in a precetermined manner. 
During large periods when the penstock gate hangs 
in full open position, the leakage of hy¢raulic oil past 
the piston may lower the gate and when this exceeds 
3 in. from top position, an automatic circuit restores 
the gate to its full open position by operating the 
motor and feeding oil under pressure to space below 
the piston. In case the circuit fails to function and 
the gate continues to drop down by further 3 inches, 
an alarm is sounded both at unit control panel and 
at control room in power house necessitating the 
operation of the gate in the opening cycle. 

The throttle valve is designed from the considera- 
tion that V x A x Cd =Q 
Where Q = Average rate of evacuation of oil from 
the hoist cylinder 

Cd = Coefficient of discharge. 

A = area of orifice 

V = Velocity through the orifice. 

The average rate of oil flow is computed from the 
time of closure of penstock gate and total oil dis- 
placement during closing cycle of gate. 

At any instant during gate-closing, the oil pres- 
sure acting from below on piston in the hoist cylin- 
der balances the total downward force in the gate. 
This oil pressure less friction loss in byepass pipe 
gives the hydraulic head available at the orifice for 
conversion into velocity. The area of throttle valve 
thus determined, is adjustable, and is fixed for a 
certain opening on the field by trial and error so as 
to close the gate in emergency in less than the pres- 
cribed time. 
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In the control unit the motor is a squirrel cage, 
non reversible one of 10 H.P. capacity with 1000 p.s.i. 
delivery pressure pump. The control valve is a four 
way solenoid operated valve of spool type. The pilot 
valve is a four way hydraulic pressure operated spool 
valve. In addition there are sequence valves, pressure 
switches, relays, light indicators, pressure gauges and 
alarms. 

The penstock gate hoists are being manufactured 
by M/S V.O.E.S.T. of Austria at a cost of about 
Rs. 5.31 lacs according to detailed departmental 
drawings and specifications. 


Stoplogs 

Stoplogs are provided to close and isolate the in- 
take conduits either in emergencies or temporarily 
for the purpose of inspection of the intake works and 
the penstocks if and when the penstock intake gate 
gets out of order and has to be taken out for re- 
pairs. The stoplogs also enable the inspection and 
maintenance of intake gates in open or closed posi- 
tion without taking them out. Only one set of stop- 
logs will suffice for all the intakes, but stoplog 
guides will have to be provided in each intake struc- 
ture. 

A set of stoplogs consists of a number of units 
required to seal off an intake completely from bottom 
to top of the opening. Stoplogs are operated under 
balanced water pressure by gantry crane travelling 
on top of the dam. In closed position, the stoplog 
units rest one above the other. The cross beams of 
the individual units transfer the load which is coming 
On it due to water pressure through wooden seals to 
the guides embedded in concrete on the face of the 
dam. 

The stoplogs shall be placed on the face of the 
dam in front of the penstock intake gates. The gene- 
ral layout of intakes with stoplogs for Rihand Dam 
is shown in Fig. 1. 

For Rihand Dam 22 units, 4 of 6’ height. 4 of 7’ 
height, 4 of 8’ height, four of 9’ height and 6 of 10’ 
height have been used. The structural arrangement 
and design of each unit is the same as that for pen- 
stock intake gate except that wheels have been 
omitted". 

To have tight seal between sides, the pressure on 
wooden seals should be kept high. Since at higher 
level the water pressure decreases, it is necessary 
that in order to have same pressure intensity bet- 
ween wood seal and guide the area of contact bet- 
ween the two should be reduced. As a matter fact 
the contact area should vary from top to bottom but 
as it is not practicable the contact area has been 
changed at three elevations only. 


The shape of guide in the flow area is kept simi- 
lar to the curve existing in the concrete face and the 
width of guide is extended up to the clear opening. 
Above the flow area, the wicth of the guide is deter- 
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mined by bearing capacity of concrete for the pres- 
sure coming on it at that elevation. 

During the first stage, concrete blockouts are left 
to house the frames. An adequate number of anchor 
bolts are embedded to provide the necessary bond 
between two stages of concrete as well as to provide 
means of fastening and aligning the frames. 

The total weight of stoplogs and guides is 400 tons. 
They are being manufactured in the Irrigation De- 
partment Workshop at Bareilly, according to detailed 
specifications and drawings issued to them. 


Trashracks 

Trashracks have been provided upstream of the 
intake gate and stoplogs to protect turbines etc., from 
objectionably large debris. The criteria of location 
and arrangement adopted for trashracks is discussed 
elsewhere. The total area provided for the trashracks 
is determined from the consideration that the capi- 
talised cost of trashracks and power lost due to head 
loss through them is minimum. From this considera- 
tion it was found that the gross area of the trash- 
racks should be such that the velocity through them 
should be 1.13 ft. per second. Trashracks with a sur- 
face area of 2660 sq. ft. per intake have been pro- 
vided. 

The trashracks are provided in five bays and ex- 
tend upto a height of 56’. In each bay four units of 
1l’x 14 are located, placed one on the top of 
another. 

The trashrack units consist of vertical bars spaced 
about 5” centre to centre supported on horizontal 
members which in turn are supported on end chan- 
nels. The units are located in grooves in the concrete 
structure. The spacing of vertical members is governed 
from the consideration that it should be smaller than 
the smallest opening through the runners of the 
turbine. 

The trashracks are normally subjected to almost 
zero head, but due to clogging they may be subjected 
to consicerable water head. In accordance with stan- 
dard practice for similar installations the vertical 
bars are designed to fail under a head of 20’. To 
provide least damage consistent with safety the hori- 
zontal bars are designed to fail at a head slightly 
more than 20’, and the concrete structure supporting 
the trashrack units is designed to withstand a head 
of 30’. 

From consideration of rigidity, the vertical mem- 
bers are kept a minimum of 4” thick and 2” deep. 
The spacing of horizontal supporting members, and 
section of horizontal and vertical members is arrived 
at after trial and error from economy consideration. 
For Rihand Dam the vertical bars are }” x3”, 
spaced 5” c/c. giving a net opening of 44”. They are 
supported on horizontal flats 3?” by 12” placed 2’ 
91” c/c. The total weight of trashrack units for all 
the six intakes is 233 tons. The trashracks are being 
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manufactured in Irrigation Department Workshop 
Bareilly, according to detailed drawings and speci- 
fications issued to them. 


Intake Gantry Crane 


An electrically operated outdoor travelling type 
gantry crane will be provided for handling the pen- 
stock intake gates and hoists for installation and 
dismantlinig for repairs and for the operation of 
stoplogs, and sluice bulkhead gates. The crane will 
be located and operated from the top of the dam. 
The runway rails are located 18’ centre to centre on 
the roadway and the track will be laid from the 
cranehouse on the right abutment to the spillway 
section of the dam. 


The crane will be provided with 100 tons fixed 
block for handling the penstock intake gate and hoist 
and a 35 ton trolley hoist for handling the rest of 
the equipment. The size of the crane will be fixed 
so that it can handle the maximum size of equip- 
ment and so that the vehicular traffic may pass 
under the lowest cross arm. 

The intake gantry crane is being procured through 
global tenders according to Cetailed specifications 
and drawings issued by the Department. 


EQUIPMENT FOR SPILLWAYS 
General. Layout 


The most economical and suitable arrangement 
to provide the spillway capacity as required from 
hydrological considerations consists of providing an 
over-flow spillway in the blocks 34 to 47, in a length 
of 520 ft. with crest elevation at 852.00. The choice 
of gates rested on Tainter gates as this type of gate 
is most economical and suitable for a controlled 
spillway because of its simplicity, light weight and 
low hoist capacity requirements. Since for a given 
cischarge capacity, the total spillway cost varies only 
slightly with normal gate dimensions, the individual 
gate size was fixed to correspond to the practical 
and economical size of gates to suit the commonly 
used sizes of monolith blocks of the dams. It was, 
therefore, decided that the spillway shall consist of 
13 bays of 40’ clear waterway with crest elevation at 
852 while the maximum reservoir elevation had been 
kept as 880. The spillway is capable of routing the 
designed flood, even if it occurs when the reservoir 
is already full, in which case the water surface will 
rise to elevation 886. which is the maximum allow- 
able high flood level. The layout and the salient 
features of gate and hoist are shown in Figs. 5 & 6. 


Spillway Tainter Gates 


The installation and general features of the Tain- 
ter Gates used for Rihand Dam is shown in Fig. 5. 
The principal feature of Tainter gate is that the 
Skin plate assembly is formed to a segment of a 
cylinder and it is supported through radial struts by 
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HALF SECTION EE 


(Below elevation 76200) ‘+p (Above elevation 762-00) 


1 Troshrocks. 


2. Stoplogs. 


3. Penstock gate. 
4. Penstock gote hoist. 
5. Intake gantry crone. 


6. Penstock. 


7. Penstock filling tine. 
8. Bulkhead for penstock. 
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pins anchored in the piers which carry the entire 
thrust of the water load. The skin plate is made 
concentric to this pin so that the hoisting load con- 
sists, essentially, of the weight of the gate only. In 
principle, the standard arrangement has been adop- 
ted but by making several studies to determine the 
most economical arrangement a saving of about 
18.5% compared to the standard design of the mov- 
ing parts for same size and similar load and allow- 
able stress conditions was made. The anchorage 
design adopted also produces a lot of saving com- 
pared to thg conventional design®. The size of the 
gate is 40’ x 33’ 83”. The weight of the moving parts 
for each gate is 73,553 lbs. The weight of anchorages, 
wall plates and embedments is 26,053 Ibs, so that the 
total weight of the gate is 99,606 Ibs and the weight 
of the moving parts per sq. ft. is 54.5 Ibs. 

The arrangement adopted consists of a skin plate 
stiffened and supported by row of vertical beams con- 
tinuously welded to the skin plate. The thickness of 
the skin plate varies from 3/8” at the top to 4” at 
the bottom increasing in increments of 1/16”. The 
vertical members consist of 74” x6” T_ section 
@ 22.5 bs per foot, placed 22” centre to centre. The 
face structure is supported by 3 horizontal girders 
so spaced as to produce equal bending moment at 
the critical sections of the vertical members and also 
to have equal loads at them as far as possible. The 
horizontal girders are supported on inclined struts 
at each end. The strute are inclined sufficiently 
in the horizontal plane so that the distance 
from point where struts intersect the horizontal 
beams to the near end of the horizontal beam is 
1/Sth of the span of the beam. The struts are in- 
clined in this manner to balance positive and nega- 
tive bending moment in the horizontal beams and to 
avoid carry Over of moments in the structure. The 
struts are connected to a cast iron trunnion hub. The 
trunnion hub is engaged with a trunnion shoe with a 
forged steel pin suitably provided with a lubricated 
brass bushing. The shoes are mounted on indepen- 
dent plates which through a set of tension beams, 
are in turn connected to independent anchorage 
blocks embedded well within the pier to which the 
hydrostatic thurst is ultimately transferred. The late- 
ral thrust is taken up by a thrust block provided 
adjoining the tension assembly. Tie girder was 
avoided for reasons of providing suitable clearance. 

The arrangement adopted differs from the conven- 
tional arrangement in having independent plates for 
shoes instead of a common trunnion girder and in 
locating the plates such that load is transferred 
axially to the tension bars. This avoids subjecting the 
anchorage assembley unnecessary cantilever moments, 
or extra loads in case when one gate is open and the 
other is closed. The arrangement adopted is more 
efficient and considerably economical than the con- 
ventional arrangement. 


The location of the gates is governed by the con- 
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sideration that the trunnion should be above the 
floodnappe, the thrust should be transmitted nearly 
horizontally, the gates should clear the top bridge 
and hoist equipment placed below the bridge and 
that the whole arrangement should be economical. 
After several trials the arrangement shown in the 
figure was arrived at. The sill level of the gates is 
kept at 851.00 the crest level being 852.00. The 
trunnion level is kept at 860.50 and the skin plate 
has a radius of 33’. The top of the gates in the close 
position is kept at 882.50 to prevent wave wash even 
when the reservoir is completely full. 


The gates are designed for hydrostatic load in 
normal conditions. In emergency conditions the gates 
are designed, in addition, for the wave pressure 
caused on account of waves in the long fetch of the 
lake. The wave pressure is computed by Sainflou’s 
method’ which worked out to 6’ uniform water head. 
The skin plates are provided with a corrosion 
allowance of 1/16”. The steel conforming to LS. 
226-1950 shall be used for the stage frames and 
anchorages. 

Important factors of the structural design’ are, 
determination of skin plate width acting as flange of 
vertical members, determination of combined stres- 
ses, and evaluation of loads for various conditions 
of water level and gate openings. The bending 
moments in the horizontal girders and supporting 
struts have been computed for both the conditions 
of hinged and fixed support and the members have 
been designed for the worst case. Effect of chain 
loads has been taken in account. 


It is sometimes possible that one of the supporting 
ropes may break and gate may be subjected to tor- 
sional load or that jamming may take place in the 
trunnion pins and the struts may also be subjected 
to torsional loads. Suitable bracings have been pro- 
vided in the face assembly and in the strut assembly 
for these contingencies. 


Sealing of the gate is done by providing music 
note type of seals on the sides which travel on stain- 
less steel bearing plates provided on the face of the 
piers. At the bottom of the gate a rubber seal is 
provided which rests on a stainless steel bearing 
plate. Suitable anchorages and levelling devices are 
provided for all the bearing plates to fasten them 
to first stage concrete and to align them. All the seals 
are also adjustable. 

Three rollers are provided on each side of each 
gate to guide the travel when the gate is being raised. 
The rollers are adjustable and travel on suitable wall 
plates. 


Total weight of all the thirteen gates is 580 tons. 
The gates shall be got made within the country ac- 
cording to detailed departmental drawings and spe- 
cifications. Tenders had been invited on the basis of 
the detailed drawings and are at the moment under 
study for award of contract. 
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Spillway Tainter Gate Hoist 

For bigger tainter gates requiring a hoist capacity 
exceeding 40,000 Ibs, drum hoists are generally used. 
The hoisting arrangement and its location has been 
determined from the consideration of the size of gate, 
operating criteria of reservoir, space available for its 
installation, and presentation of a neat appearance on 
the upstream side of the dam. The general arrange- 
ment is shown in Fig. 6. 


The drive unit consists of a low horse power induc- 
tion motor or a commercial gear motor with a disc 
brake, directly connected to a commercial worm gear 
reducer On a common base plate. The drive shaft 
from the worm gear is connected to two rope drums 
on either side of the gate through suitable speed re- 
ducers. The speed reducers are of spur gear type and 
have been preferred to helical or herring bone type 
from consideration of economy as well as availabi- 
lity within the country. The drive shaft is suitably 
supported on pillow blocks so as to obtain uniform 
lifting of gate at both the ends. 


The hoist drum assembly shall be located on pro- 
jections cantilevered from piers at El. 887.00. For 
each span the hoist drum assemblies are connected 
by common drive shaft which also connects them 
through flexible couplings to the drive units at the 
two piers. 


The gate is lifted through two ropes at either end 
of the gate, connected to the gate at one end and 
to the hoisting drums at the other end. The ropes are 
located upstream of the gates. The arrangement 
adopted has been preferred to use of chain instead 
of ropes or use of chain sprocket downstream of the 
gate as these involved considerable extra cost with- 
out providing comparative advantage. 

A limit switch shall be provided on the hoist drum 
assemblies for each spillway tainter gate. The pur- 
pose of the limit switch shall be to positively stop 
the driving motor and the hoisting of the gate as 
soon as the end of the gate travel is reached. For 
further safety, gate stops are located in the piers 
which preclude lifting of gate beyond a certain 
opening. 

The drive unit on an intermediate pier can operate 
either of the two gates located on the two sides of 
the pier depending on the connection through the 
flexible coupling. Therefore only one of the flexible 
couplings on either side of the drive unit shall be 
connected. For normal operation this arrangement 
shall provide one drive unit for each gate. In an 
emergency, however when a drive unit goes out of 
order, the drive unit on the other pier can operate 
the gate by altering the flexible coupling connections. 

The drive unit on each pier shall be actuated by 
remote operation from a control board located in 
switch board room in Passenger Elevator Tower in 
block 34 of the dam as well as from the control 
room of the power house. 


The operation of the gates is arranged in such a 
way as to open the gate in increments of one foot 
from full closed position to half open position 
beyond which the gate can be opened to full open 
position in a single continuous operation. The ope- 
rating panel on the control board has three push 
buttons marked, ‘open’ ‘close’ and ‘stop’ through 
which the operation is governed. The gate opening 
indication at the control board panels is provided 
by means of synchronised selsyn transmitter and 
receiver set which indicates the gate opening of all 
the spillway. gates separately. , 

The hoist has been located under the bridge and 
suitable hatches on the roadway are provided for 
taking out the hoist for repairs. 

The hoist capacity is estimated by summing up 
the loads at the hoist rope due to weight of gate, 
trumnion friction, seal friction and weight of rope. 
The design capacity has been based on the maximum 
load at normal speed taking the transmission losses 
into account loads on compoment parts include the 
above load and the applicable friction losses in the 
reducers, bearings, gear trains and rope. The normal 
hoisting load distribution at the two points of the 
hoisting are 60% and 40% of the total hoisting force. 
Shock, impact and wear factors are considered neg- 
ligible and have been disregarded. The hoist speed 
has been varied so that the horse power requirement 
approximately matches a standard motor’s rating. 
From this consideration a hoisting capacity of 85,000 
Ibs with a hoisting rate of about one foot per minute 
has been found to be sufficient. 


The electrical equipment provided on the hoist 
consists of hoisting motor, electrically operated 
brakes and controls. The hoisting motor is squirrel 
cage induction motor of high torque, high slip type 
with a frame of splash proof construction. Motors 
are of continuous rating in order to obtain the 
lowest overall cost for electrical system. The brake is 
internally mounted disc type or the shoe type, 
spring set electrically released with a capacity capa- 
ble of overcoming the running torque of the motor. 


The controls, consist of controller, limit switch, 
selsyn indicators and master control panel. The con- 
troller is of the combination air circuit breaker dis- 
connect and reversing magnetic contactor type with 
thermal overload protection, enclosed in water tight 
and dust tight enclosing case. Two disconnects are 
required to allow connections to be made to either 
of the two dam feeders. A main line contactor is 
provided to give additional reliability and safety. 
The overtravel contacts of the limit switch are con- 
nected in the circuit of the main line contactor. 

The limit switch is of the heavy duty type and 
of precision construction in order to insure reliable 
operation of the control system. 


The hoists are proposed to be got manufactured 
in India. Tenders have been invited on basis of de- 
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tailed departmental drawings and specifications. Ten- 
ders have been received and are under study for 
award of contract. 


EQUIPMENT FOR OUTLETS 


General Layout 


For each of the two outlets the control equipment 
consists of a hydraulic hoist operated slide gate ins- 
talled at a distance of 21 ft. from dam axis with 
provision to use a fixed wheel gate at the upstream 
face of sluice. Only one fixed wheel gate is provided 
for both the sluices and shall be used for inspection 
and repair of slide gate and the conduit upto it. The 
general installation of sluice equipment shown in 
fig. 7, while the details of gate and hoist is shown 
in fig. 8. 

For the range of head encountered on Rihand 
Dam slide gates are found to operate satisfactorily 
both for full and partial opening’. The other types 
of gate that can also be used are, jet flow and ring 
follower gates which are however, more complicated 
and costly. Tainter gates, which though efficient and 
economical are rather new in the field and for the 
limited scope of use in the sluice operation of Rihand 
Dam did not offer appreciable saving. Valves may 
also be used but their use is unnecessarily compli- 
cated and costly. After analysing the various pos- 
sible arrangements of equipment it was decided to 
use two slide gates arranged in tandem. Slide gates 
besides being economical, simple, and efficient in 
operation, can be made in India, whereas most of 
the other type of gates will have to be imported. 


The hydraulic hoist for the slide gate is located 
in a chamber directly above the gates. The gate is 
located in such a manner that the distance of the 
upstream wall of the gate operating chamber from 
the upstream face of the dam is approximately 10% 
of the head at the gate chamber. Normally the slide 
gate shall be used to close or open the sluice. In 
emergency when the service gate is under repairs, 
the sluice fixed wheel gate described later will be 
used. 


Slide Gates 


A slide gate consists of two rectangular heavily 
ribbed structures which form the water passage upon 
the upstream and downstream sides of the leaf for 
a longitudinal distances approximately equal to that 
of the horizontal width of this passage. These two 
structures known as the gate frames, are bolted toge- 
ther where their adjacent mating vertical flanged 
faces are brought into water-tight engagement. These 
frames are arranged to form a vertical slot or recess 
in the walls on each side of the water passage, with- 
in which the gate leaf is received, suppported, and 
guided in its opening and closing movements. The 
gate consists of upstream skin plate supported on a 
system of horizontal beams and stiffeners designed to 
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transfer the waterhead on the skinplate to the verti- 
cal ends of the gate. The leaf is usually provided 
with bronze seal bars on its downstream face which 
rest, when the gate is closed, upon similar bronze 
seat bars of a different composition or upon monel 
seat bars attached to the downstream sides of these slot 
walls. The full water load against the upstream face 
of the leaf is carried to its seal bars and transferred 
into the seat bars on the gate frames, and in conse- 
quence whenever the leaf is moved upward or down- 
ward, the leaf seal bars are forced to rub or slide 
upon the mating surface of their supporting seat 
bars attached to the gate frames. 


The slot recesses in the gate frames are continued 
upward in the envelope or bonnet whose lower flan- 
ges are bolted to a flange formed on the top of the 
frame. The gate leaf when raised to its open posi- 
tion is received within this bonnet, the water pas- 
sage being left free. The gate frames and bonnets are 
strongly ribbed both vertically and horizontally to 
distribute the heavy reactions set up by the hydraulic 
hoists in the opening and closing cycles of opera- 
tion, but they are not usually designed to take the 
internal water pressure to which they are subjected 
in service. This is cared for by encircling these parts 
with hoops of reinforcement bars and then encasing 
the gates in concrete upto the joint between the top 
bonnet flange and the bonnet cover. 


The bonnet cover is bolted to the upper flange of 
the bonnet and is designed to resist the maximum 
internal water pressure. The bonnet cover is heavily 
ribbed if hydraulic hoists are used to operate the 
slide gates. It converges into the circular flange that 
forms the lower head of the hydraulic hoist cylinder. 


Slide gates operate against very high heads in 
sluices which are subject to high velocity flows. It 
is therefore required that the gate slots should be 
shaped from hydraulic considerations for minimum 
interference in the flow of water and the gate slots 
and gate lip should be shaped so that no cavitation 
is produced. Extensive tests* and practical experience 
have proved that the gate slots should be suitably 
bevelled and the gate lips should be shaped as shown 
in the arrangement adopted for Rihand Dam. The 
gate slot dimensions are further reduced by adop- 
ting the shape as shown instead of the conventoinal 
fish-bellied shape of slide gates. 

For slide gates operating under high head, the 
important feature of design is provision of seal 
arrangement which does not bind under the high 
bearing loads encountered. This is achieved by using 
seals and seats of bronze of different composition 
such as US-QQ-B-691-B, composition 2 and compo- 
sition 6, respectively, as developed by U.S.B.R. Even 
better results are achieved by using monel seals and 
bronze US-QQ-B-691-B composition 6 seats as used 
in Rihand Dam. Arrangement for lubrication of seats 
as used in case of Rihand Dam further increases 
the efficiency. 
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Vibrations in the gate are further reduced by cut- 
ting off all water passing over the gate during par- 
tial operation by providing a continuous plate on 
the inside of the downstream bonnet. 

The slide gate is designed to withstand a dynamic 
head of 174.2ft., plus a vacuum head of 11.28 ft. 
Thus the maximum design head upto the centre of gate 
works out to 185.5 ft. of water. The structural design 
of slide gates is similar to other gates. Gates and 
gate frames made of welded construction have been 
used from considerations of economy. 


The total weight of slide gates and frames is 51 
tons. They shall be got made from foreign manufac- 
turers according to Cetailed drawings and specifica- 
tions issued Departmentally. 


Slide Gate Hoists 

One hoist for each slide gate capable of operating 
the gate under full unbalanced hydraulic head for 
which the gate is designed is provided. 

With sluice gate of sliding type a considerable 
portion of hoisting load is gate friction. With increase 
in gate opening from fully closed position, down- 
pull occurs on gate, and is maximum at 80% gate 
opening. At this opening the hoisting forces are 
maximum and consist of gate friction, downpull, 
weight of moving parts and hoist frictions. The capa- 
city of hoist has been computed to be 500,000 Ibs 
and hydraulic hoist is provided as it shall be econo- 
mical and efficient. 


For disturbed flow in the sluice, the sluice gate in 
full open position should be just flush with the sluice 
liner. This condition determines the lift of the gate. 
The minimum lifting speed is specified as 1 foot per 
minute. 

The hoist shall be of hydraulically operated cylin- 
der and piston type and shall use oil as the operating 
fluid. The hoist is located in the sluice gate operating 
chamber at El 722.00, just above the gate slot. 
The hoist is supported on bonnet cover which in 
turn is bolted to gate bonnet. The bonnet cover also 
forms the lower head of the cylinder. The hoist is 
provided with local and remote control indicators. 
The installation and the details of the hoist are illus- 
trated in figs. 7 and 8. 


For erection and repairs to the hoist an overhead 
travelling device shall be provided in the operating 
chamber. To disassemble the hoist and the gate as- 
sembly, the piston is lifted to top position and piston 
stem is locked by hanger. The bonnet cover bolts 
are disengaged and the hoist is removed. 

The cylinder shall comprise of a single shell with 
flanges on either end. The cylinder shall be designed 
to operate at a pressure of 1500 psi. The hoist shall 
open and close the gate by applying oil from below 
or top of piston. The gate and moving parts of the 
hoist shall be supported in the open position by 
piston resting on oil pressure. 


The design and construction of the hoist cylinder 
is similar to that of the intake gate hoists. 


The slide gate hoist shall be operated only from 
the unit control cabinet located in the sluice opera- 
ting chamber. Two control cabinets one for each 
Sluice shall be provided. The control system of the 
hoists is similar in principle to that of the intake gate 
hoist except that it is very much simpler as described 
below. 


The hoist shall be actuated by operating the four- 
way valve on the control cabinet. Operation of the 
four-way valve will also operate the pump and 
motor sets. The four-way valve shall have a lever 
which can be turned into three marked positions 
‘open’ ‘close’ and ‘stop’. It shall be possible to stop 
the gate in any position and if the gate is stopped 
at an intermediate position it shall be possible to 
actuate the hoist either for closing or opening cycle. 


A limit switch shall be provided in the control 
system which will get a sound alarm at the Power 
House unit board in case the piston creeps down 
more than 4” from the top position due to leakage 
of hydraulic oil past piston when the gate is normally 
in open position. The alarm indicates that the motor 
and pump should be operated to bring the piston to 
top position. 


One power cabinet is provided for the gate hoist 
and is installed in the operating chamber with the 
control cabinet. The power cabinet consists of two 
sets of electric motors and pumps connected in 
parallel, oil tank, oil filter, relief valves,check valves, 
pressure gauges, pressure switches, valves and fittings. 


Sluice gate and hoists shall be obtained from out- 
side India at a cost of about Rs. 1,12,000, manufac- 
tured according to detailed departmental drawings 
and specifications. 


Sluice Fixed Wheel Gate 


A fixed wheel gate is installed at the entrance to 
the sluice as shown in Fig. 9. The size of 4x9’ 
Sluice at the entrance is 6'-8”x14’-2 3/4” on 
account of intake transition and a suitable sized 
fixed wheel gate is provided to cover and seal this 
opening. Normally the fixed wheel gate shall be used 
to stop the flow of water into the sluice while the 
slice gate is under repair and to enable the repair and 
inspection of the slide gate, frames, guides, and 
conduit. For routine inspection and repair, the water 
pressure acting on the gate will be balanced by clos- 
ing the slide gate but in emergency the gate will be 
closed and opened against full upstream water head. 

The gate shall be operated from the top of the dam 
by means of the intake gantry crane. Guides and 
frame shall be provided for both the sluices but 
only one gate shall be provided. 

The structural arrangement of the gate is similar 
to that for intake gate. Rubber seals shall be pro- 
vided all round the gate on the downstream side to 
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bear against stainless steel seat to prevent leakage 
against water. Usual arrangement of gate frames is 
provided for guiding and seating of the fixed wheel 
gate. The weight of the gate is 13 tons and that of 
gate frames 35 tons. 


MISCELLANEOUS EQUIPMENT 


Draft Tube Bulkhead Gates 


Bulkhead gates are proviced for the draft tubes 
of the powerhouse to permit dewatering the draft 
tubes for inspection and repair of turbine and draft 
tube. Since all the draft tubes will not be required 
to be dewatered at the same time only two sets of 
gate shall be provided. Gate track, guides and seal 
seat assemblies shall however be provided in all 
the Craft tubes. 


The draft tube gates shall be operated under 
balanced head of water by means of a gantry crane 
travelling on the deck above the draft tube. When 
not in use they shall be kept suspended above the 
draft tube opening and under the draft tube gantry 
platform on suitable latches to be provided in unit 
nos. 1 and 6. 


The size of the draft tube is 13.75 ft. x 20.00 ft. 
and the gates are made accordingly of suitable size. 
The structural arrangement and design of the gates 
is similar to that of the intake stoplogs. The gates 
are designed for normal tail race water head during 
normal operation. They shall however, also be 
designed for use during emergency condition with 
higher tail race elevation due to floods. Maximum 
normal water head upto bottom of gate is 30ft. and 
maximum emergency head is 73.45’. 

Guides and seal assemblies are provided to guide 
the gates and to provide suitable surface against 
which the gates can rest to seal off the opening and 
thus transmit pressure to the concrete structure. 
Sealing is provided by bronze to bronze seal and seat 
and by music note rubber seal provided all around 
the gates. The water pressure will be acting on the 
downstream face of the gates forcing it against the 
downstream face of the draft tubes. However, on 
account of turbulance in the tailrace, there is some- 
times tendency to counteract the sealing force. 
Springs are therefore, provided and located between 
the guide and the gates so as to provide a sealing 
pressure equal to 25 lbs/sq. ft. of gates. 

To provide for the emergency when the gates may 
be subjected to water head upto reservoir level on 
account of running of turbines by mistake, without 
removing the craft tubes gates, the bolts of the guide 
are designed so that they get broken allowing the 
gates to be blown off before any Camage to the gates 
or the concrete structure may take place. 

The total weight of the draft tube gates and gui- 
des is 110 tons. They are being manufactured in the 
Irrigation Department Bareilly Workshop, accor- 
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ding to detailed specifications and drawings issued to 
them. 


Draft-tubes Gantry Crane 


A 25 tons capacity, electrically operated, outdoor 
travelling type crane shall be provided for handling 
the craft-tube gates. The crane shall be located on 
a deck at R.L. 663.00 above the draft-tube gates. 
The total travel of the crane shall be 380’ and 
the total lift shall be about 60’. When not in use the 
crane shall be stored in a crane house adjoining the 
operation deck. 


Global tenders have been invited for the supply 
of the crane, according to detailed design and speci- 
fications issued departmentally. 


Passenger Elevator 


It is proposed to install a passenger elevator in 
bock No. 34 for use in connection with the construc- 
tion, operation, inspection and maintenance of the 
Rihand Dam and power plant and to carry the heavy 
tourist traffic. It is proposed to provide a 2500 Ibs 
capacity passenger elevator, gearless traction type 
with a speed of 500 ft. per mt. The total travel of the 
elevator will be 258.33 ft. with seven landings. 


It is also proposed to install a geared traction 
type passenger elevator for use in the power house 
with a minimum capacity of 1000 Ibs, a speed of 
100 ft/mt. and with a total travel of 64’. 
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Reduce costs with 
PRESTRESSED 
CONCRETE BRIDGES 


dge over the Sone River at Chopan— the 
longest Prestressed Concrete Bridge in Asia — 
cost only Rs. 44 lakhs as against Rs. 70 lakhs 
for a structural steel design. And, it used 
only a tenth of the steel it would 
otherwise have needed.’ 


India has already built more 
than 60 Prestressed 
Concrete Bridges. 


























Cement-concrete Mixes and 


their Quality Control 


for Rihand Dam 





HE Rihand Dam is a gravity type coment-concrete 

structure 3065 feet long and 300 feet high. It is 
divided into 61 independent monoliths of 48 to 60 ft. 
in width without any longitudinal joints. The quantity 
of concrete involved in the dam is 2,080,000 c.yd. (or 
56,000,000 cft.). For concreting structure of such a vast 
magnitude, the necessity of proper planning, rational 
design consi¢erations, construction procedures and 
quality control to achieve the desired objectives at a 
minimum cost is apparent. In this article, various 
aspects of cement-concrete of which the Dam is being 
made, shall be presented. 


OBJECTIVES 

Rihand Dam, like other dams, is expected to be of 
service for at least 100 years. It will have to stand 
sustained water pressures, ravages of weather on ex- 
posed portions and the structural stresses produced 
cue to various loadings. The cement-concrete will 
have to be of the required workability, consistency, 
durability and strength for minimum cost. 

In a mass concrete structure, the temperature rise 
due to hydration of the cement also constitutes a 
serious problem, which if uncontrolled would result 
in objectionable thermal expansion and contraction. 
Our objective, therefore, is the production of 
impermeable and durable concrete of required 
strength and workability, but placed and controlled 
in such manner as to prevent any objectionable 
cracking. 


DESIGN STRENGTH 


What should be the design strength of concrete is 
an important question in the planning of any cement 
concrete gravity Cam. The strength of lean concretes 
used on recent projects have exceeded the most opti- 
mistic expectations and through the use of entrained 
air and pozzolans, a considerable reduction in cement 
content has been possible. 


Mass Concrete 


The computed stresses in Rihand Dam for various 
conditions are shown in Fig. 1. In the maximum sec- 
tion of the dam, the maximum stresses with worst 
conditions come to 430 p.s.i. Allowing a safety factor 
of 4, the design strength of concrete comes to 1720 
p.s.i. In all gravity concrete Cams constructed so far, 
design strength of more than 2000 p.s.i. has been 
used. It was therefore decided to adopt 2000 p.s.i. 
as design strength for Rihand Dam concrete at 
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28 cays without pozzolan and at 90 days with 
pozzolan. 


Face Concrete 


The upstream face of the dam will have to with- 
stand the hydrostatic head of water and must be com- 
paratively more impermeable. The upstream face 
concrete in 7’ thickness is therefore of rich mix of 
4000 p.s.i. strength. The downstream face of the dam 
on the other hand will be exposed to seasonal effects 
of sun and air and hence the strength of concrete on 
this face in a thickness of seven feet has been adopted 
as 3,000 p.s.i. 


Special Concrete 

Abrasive action on concrete by high velocity 
waters and the danger of cavitation are expected in 
the spillway and sluices portion of the dam. It is an 
accepted fact that resistance of concrete to forces of 
cavitation and abrasion increases with increased 
compressive strength of the concrete. An average 
strength of 6000 p.s.i. in top one foot thickness 
of concrete is provided in the following locations, 
where pitting due to cavitation is likely to occur 
and the velocities would be more than 40 feet per 
second. 

(i) Spillway crest above EL. 800. 

(ii) Spillway bucket below EL. 700. 

(iii) Sluices in one foot thickness all around inner 

surfaces, 

This extra rich concrete corresponds to the recom- 
mendations of A.C.I. Committee 210 (Erosion resis- 
tance of concrete in hydraulic structures, title No. 
52-18). 


Design strengths of reinforced concrete have been 
fixed on the basis of working stress as 750 p.s.i., and 
safety factor of 3. Also the average strength of such 
concrete was required to have a factor of safety of 
4 and therefore the average strength works out to be 
3000 p.s.i. 

Various types of concrete mixes, depending on the 
maximum size of aggregates, placeable in a particular 
location and the desired strength being used at 
Rihand Dam are tabulated in table 1. 
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TABLE I 


PES OF CONCRETES PROPOSED FOR VARIOUS 
LOCATIONS IN RIHAND DAM 


:—‘A’ denotes aggregates, suffix of ‘A’ denotes 
maximum size of Aggregates, ‘S’ denotes 
strength and suffix of ‘S’ denotes average 
strength of concrete at 28-days in hundreds 
of Ibs. per sq. inch. 

Locations. Type of 

concrete 


1. 


10. 
Ll. 


12. 
13. 
14. 
15. 


16. 


17. 
18. 


Mass concrete in Dam and spillway 
except 7’ on all faces and 3’ around 
the galleries, penstocks, shafts, river 


outlets and other openings. A,S2; 
Three feet all around foundation gal- 
leries. A;S3o 


Three to five feet thick around pen- 

stocks, three feet around galleries 

other than foundation galleries, shafts 

and other openings in the dam which 

have reinforcement around them. Ag / Seo 
Seven feet thick on U.S. face. A Sis 
Seven feet thick on D.S. face exclu- 

ding crest and D.S. face of spillway. AS... 
Seven feet thick on D.S. face of spill- 

way between elevations 800 and 700. A,S,, 
Spillway crest above EL. 800 (a) One 

foot thick on surface. Asg]/ Seo 
(b) Four feet below top one foot. A; S40 
Spillway bucket below EL. 700. 

(a) One foot thick below top surface. A,/,S,, 
(b) Four ft. thick under one ft. from 


top surface. A3Syo 
(c) All concrete under five ft. from 
top surface. A.S2s 


Sluice outlets. 
(a) One ft. thick all around inner 


surface. A;/ Seo 
(b) Two ft. thick all around and 

under | ft. thick inner surface. Az/-Ses 
Training walls of spillway on Dam. A.S,. 
Training walls. 
(a) Un-reinforced D.S. of spillway. A, S40 
(b) Reinforced. A;Sso 
Concrete in piers. AS... 
Trash-rack structure. Ye. a 
Side walls, curb, parapets. sy 
Block-outs. As/,Suo 
Formed Holes 6” or more dia. 
(a) Other than drainage holes. AS. 
(b) Drainage holes. AS.; 
Concrete in bridge over spillway. As/ vc 


Retaining walls for parking area and 
tail race. 

(a) Un-reinforced. A,S 
(b) Reinforced. A 


19. Power House sub-structures. 
(a) Un-reinforced. A 
(b) Reinforced. A 
20. Power House Super-structures. 
(a) Thickness more than 6”. A, /. 
(b) Thickness less than 6”. A 
21. Concrete in switchyard for founda- 
tion of structures. A 
Concrete in cable tunnel. A 
Concrete reinforced in transformer 
deck. 
(a) More than 6”. Ail Sen 
(b) Less than 6”. 


i bo 
wh 


Strength Tests and Test Moulds 

Since Rihand Dam has been divided into indepen- 
dent monoliths, which have height more than twice 
the average width of the section and less than twice 
the bottom base width, the test specimen for pre- 
dicting the field strength of concrete should be such 
that its height is twice its base width. For conveni- 
ence in making moulds for test specimens and to 
have uniformity with core-drills of field concrete it 
was decided to have cylinder moulds. The common 
moulds adopted have been 6” dia x 12” high while 
bigger moulds 18” dia x 36” high have also to be 
prepared for determination of actual strength of con- 
crete containing 6” maximum size of aggregates. The 
type of concrete to be filled in the moulds has a 
maximum size of aggregate equal to th the diameter 
of the mould. In case of concretes containing 6” and 
3” maximum size aggregates, screening on 14” sieve 
is done and moulds cast from minus 14” concrete. 
Since the water-cement ratio in original and wet 
screened concretes is not altered, the same strength 
can be expected in both cases. Recently some 6” 
dia, cores were drilled from hardened concrete in the 
Dam at 28 days and tested. The strength of concrete 
from the Dam was found to be 5% higher than the 
similar test specimens, made from the same concrete 
but cured in laboratory fog-room. Cube specimens 
have not been used in Rihand Dam for reasons men- 
tioned above although these give a strength about 
20%, higher than the cylinder strength. 


Rational Basis of Obtaining Desired Strength 

The strengths of cement-concrete mixes as pro- 
posed have to be ensured in field, where variations in 
quality of ingredients, moisture in aggregates, weigh- 
ing of ingredients, unit weight of materials etc., 
introduced some variations in the strength of con- 
crete. Let us take the typical example of change in 
moisture in aggregates. The water-cement ratio and 
therefore the strength of concrete changes being 
higher or lower than the design strength due to varia- 
tion in total water content in the mix because of 
variation in the aggregate moistures. It is therefore 
reasonable to fix a limit for the lowest strength of 
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COMPUTED STABLE TEMPERATURE IN RIHAND DAM 


HEIGHT FROM FOUNDATION IN TERM 
OF BASE LENGTH (L) 
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TEMPERATURE IN DEGREE FAHRENHEIT AFTER 17 DAYS OF PLACEMENT OF CONCRETE. 
FIG.7 
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STRENGTH IN P.S.1. 
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SAND RERCCNT OF THE TOTAL AGGREGATE BY ABSOLUTE VOLWNE 
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concrete and its frequency corresponding to a certain 
design strength. 

Various practices have been in vogue as regards 
the strength of concrete and its variation in field. 
The conservative view is to be oversafe and design 
the concrete on a certain minimum strength basis, 
wach, is generally the average strength or the 
desigh strength. The United States Bureau of Recla- 
mation (U.S.B.R.) follow a practice according to 
which 80 percent of test specimens may be above 
and 20 per-cent below the designed strength but no 
limit on the minimum strength was been specified 
by them. The minimum strength for Rihand Dam 
concrete has been acopted as per Indian Standard 
specification which states that the failure stress of 
concrete is equal to the lowest strength which must 
be exceeded by 99 per cent of the specimens-= 75%, 
of design strength. The design criteria for variation 
in strength of Rihand Dam concrete are therefore as 
follows : — 

Strength of 90 percent specimens to be above 

design value. 

Strength of not more than 10 per-cent specimens 

to be below design value. 

Strength of not more than 1 per cent specimens to 

be below the minimum value. 

The strength of test moulds varies above and be- 
low the desired strength and falls in some pattern of 
a normal probability curve as shown in fig. 2. With 
good control the strength values are bunched close to 
the average and the curve is steep. With poor con- 
trol the values are spread out laterally and the curve 
is flattened. The radius of gyration of the points 
about the centre is called the ‘Standard deviation’ 
which divided by the average value gives the ‘co- 
efficient of variation’. 

Let the number of specimens be ‘n’ which should 
be at least 30. 

n 

X = average strength of concrete = = <s 
Zo (Xn - X?? 

,. n 
and the coefficient of variation in percentage 


Standard deviation o = 


v= x x 100 

For good control the coefficient of variation in the 
field has been found to be from 10 to 15 per cent in 
U.S.A. and for safety the figure of 15 be adopted for 
Rihand Dam. 


An example of computing strengths of concrete 
mix from probability variation curve (Fig. 3) is given 
now. For mass concrete, the design strength has been 
adopted as 2,000 p.s.i. For 90 per cent specimens to 
have strength above the design strength and the co- 
efficient of variation as 15 per cent, the design 
strength would be 80 per cent of the average strength 
(Fig. 3). Thus the average strength of mass concrete 
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2,000 
0.80 
Standard specifications the average strength should 
be 1.25 times the required field strength which also 
comes out to be 2,500 p.s.i. 


should be = 2,500 p.s.i. According to Indian 


TEMPERATURE CONTROL 


Cement-concrete develops strength by the hydra- 
tion of cement which continues over a long period 
after the cement and water come into contact. 
During the process of hydration of cement heat is 
generated which in thin structures is dissipated easily 
through exposure and curing but takes a long time 
for the excess heat to be lost in massive concrete 
structures. The temperature of massive concrete struc- 
ture like a gravity dam continues to rise over a long 
period and then gradually cools down to a stable 
temperature. During the early age, the creep is high 
and modulus of elasticity low with the result that the 
compressive stresses induced in concrete due to ex- 
pansion are within safe limits, but at later age the 
contraction in concrete induces tensile stresses which, 
since the creep is low and modulus of elasticity high, 
would result in objectionable cracking, if uncon- 
trolled. 


The time and rate of temperature rise or fall 
depends upon the size of the structure, the quantity 
and type of cement used and on the methods em- 
ployed for the dissipation of heat. 


The chemical analysis and actual heat of hydration 
values of Churk cement used in Rihand Dam con- 
crete have been adopted to estimate the heat of 
hydration in the various types of concretes. Since the 
mass concrete in the dam occupies more than 80 per- 
cent of the total volume, the temperature control has 
been considered on the basis of heat evolution and 
dissipation in mass concrete filling whole of the dam. 


Air and water temperature of Rihand Dam site 
are shown in fig. 4. 


The expected stable temperatures as computed on 
considerations of air, water and seasonal tempera- 
tures are shown in fig. 5. 


a 
Foundation Restraint 


The foundation of each block is bounded to the 
rock while the top is free. In other words we can say 
that the foundation of each block is restrained such 
that the volume change of concrete at this point can- 
not occur and stresses are created due to 100%, 
rigidity at the foundation. The restraint factor varies 
as shown in fig. 6 from unity at the base to zero at a 
height equal to half the base length. 


Maximum Temperature Rise 


Thus the importance of difference in maximum 
temperature rise and the final stable temperature is 
apparant. The tensile stresses induced in restrained 
concrete are given by the formula: 
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F = (tp + tr — te) Es .C.R. 


where f tensile stress in p.s.i. 
tp placing temperature of concrete. 
tr = temperature rise in concrete. 
tr stable temperature in dam 
Es sustained modulus of elasticity. 
2 x 10-* p.s.i. 
Cc Coefficient of linear expansion 
= $x 19° 
R Restraint factor. 


The Rihand Dam mass-concrete can take 250 p.s.i. 
tension after allowing for other factors. 

Therefore 250 = (tp +tr - te ) x2x10°x5x 
10-° xR 
(ii) 

At the foundation (tp + tr —tre ) = 25°F or the 


maximum temperature in concrete at the foundation 
should not rise to more than 25°F above the final 


Ortp +tr -—tr = 25°F 
‘p r 7; = R 


Stable temperature. Temperatures beyond the limits. 


may induce cracking in the dam and endanger its 
safety. 


Methods of Temperature Control 


The foremost method adopted at Rihand Dam is 
to precool the concrete before placing to limit the 
temperature rise. No post-cooling of concrete is done. 
Computations indicate that placement temperature of 
60°F of concrete in hottest weather can be acceptable 
if a suitable placement schedule is followed (fig. 7). 
Therefore all the ingredients of concrete except 
cement are cooled to such extent that the tempera- 
ture of concrete at site is 60°F. Typical computations 
as per prerequisites of properly cooled mass concrete 
are shown in table 2. 


Table Il 


COMPUTATIONS OF TEMPERATURE OF FINISHED 
CONCRETE A,S., MIx CONTAINING 272 LBs. 
CEMENT PER CU.Y.D. 


Table 2 (A) 





Do o.; 5 & Be 
2 BF geo Fs. 
Sl. ~B e®9 oe 2 ooh 
_ Ingredients. °¢ p> ° ¢ : 4 P E 
at at Se eS 2 S33 
ss 3 S 3 oy, &§& ES° 
SS Ssossf & Ae 
1. 6”-3” aggregate 990 02 2 50 -10 
2. 3”-14” ; 610 04 2 S50 -10 
3. 14%-}” 610 O8 5 50 -10 
4. 2°-3” 420 is 6 -10 
5. }”-3/16” 305 40 12 64 + 4 
6. Sand 840 9.0 75 67 + 7 
7. Maxing water i380 — 3 37 -23 
minus moisture 
in aggregates. 
8. Cement. 272 — — 95 +35 
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Table 2 (B) 


ry = S 
4 . * a SS 
SI. s % e& 
Ingredients. & 2 = & g&u 3. 
No. ES o ¥ o 35 Ke P 
2,3: 3 $6 €838 $2 
55 32 GF Fe 8S 45 
1. 67-3” 175 2.630 0.17 447.1 -10 -4,471 
aggregates 
2. 3”-3/16 175 350 0.17 51.8 + 4 207 
aggregates 
3. Sand, 167 840 0.17 142.8 + 7 +1,000 
4. Cement 197 272 O11 29.9 +35 +1,050 
5. Moisture. 
(a) on 
6”-3” 62.5 iS 8.0 -10 150 
aggregates 
(b) on 
3”-3/16” Do 12 1.0 1800 + 4 + 48 
fraction. 
(c) on 
sand. Do 75 1.4 +7 + 525 
6. Mixing 
water Do 7. 1.0 -23 -1,794 
7. Total. 156.6 4,227 0.20 825.6 -4.2 - 3,585 
(unit weight (average for 
of concrete) concrete.) 
8. Heat of hydration in time taken upto 
Placement. 272 x 5 - 1,360 
9. Mechanical energy converted into heat in 


50 H.P. mixer mix with mixing time 3 minutes 
42.4 x 50x 3 
a 
1,590 Total = + 2,950 B.T.U. 
= 3.5°F 
Hence temperature of concrete at site 
60 - 4.2. +3.5 = 59.5°F 


10. 


The first four fractions of aggregates are cooled 
by spraying water at 36 to 38°F while 3/8”-3/16” 
fraction and sand are cooled by refrigerated air. The 
mixing water used in concrete is refrigerated and 
brought to about 37°F. Slight changes in cooling 
schedule are made for cooling mixes other than mass 
concrete. 


Concrete placement programme has been prepared 
in accordance with the temperature control condi- 
tions. Generally concrete is placed in lifts of 5 feet 
thickness and curing by water-spray is done till the 
next lift is poured. Computations have been done to 
estimate the maximum temperature of concrete 
under different placement conditions. The methods 
employed in these computations are: 

(i) Definite integral method. 

(ii) Carlson’s method, 

(iii) Schmidt’s method. 


The three methods give nearly identical results 
but for ease in computations, Schmidt’s method was 
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employed in most of the cases. This formula in- 
volves simple constants and can be written as:- 


x" 
t = ——— (ili) 
2h? 
where t = time interval, 
x = the length element or space interval, 
h? = diffusivity constant 
k 
— where k = conductivity 
sp S specific heat 


and p= specific gravity 


The rate of temperature change of any interior 
element depends only on its own temperature and on 
that of its two adjoining elements. With the choice of 
space and time interval chosen accordingly to 
Schmidt’s formula, the temperature relationship within 
each group of the three elements is such that the 
temperature of the middle element at the end of time 
interval is approximately the average of the tempera- 
tures of the elements on either side at the beginning 
of the time intervai. 

In fig. 7 are shown the temperature for certain 
conditions of placement, interval, curing etc. The 
stable temperature in the Dam at the foundation in 
the maximum section may be 74°F and allowing for 
maximum rise of temperature of 25°F, the maximum 
temperature at the fourdation should not go above 
90°F. Applying creep theory to these temperature 
stresses, it has been proved that the maximum tem- 
perature in concrete need not be considered but 
instead 17 days temperature of concrete may be con- 
sidered as ty + ty to safeguard against cracks. 

By computations, it has been found that the place- 
ment interval of 5 days in hot weather is just safe for 
the foundation concrete. This period may be reduced 
to 4 days in higher lifts and to 3 days in much higher 
lifts where retraint factor is much less. No precooling 
may be necessary in certain parts of cold weather and 
3 days placement interval is safe in the winter season. 

The restraint in concrete becomes almost unity at 
any elevation if it is left exposed to weather for a 
long time. In winters, further temperature control 
precautions are necessary if a lift is left uncovered 
for longer periods as the lift loses much of the excess 
heat and appreciable temperature gradients are likely 
to develop. Foundation rock is also cooled to the ex- 
pected stable temperature before placement of Con- 
crete so that the joints in the rock are not affected in 
the long life of the dam, and thus do not induce 
stresses in the foundation concrete. The concrete in 
humps and Cifficult locations in foundations is also 
poured without laying full lift. This practice allows 
the concrete to lose its excess heat easily and it is 
cured such that the temperature of concrete is near 
about 80°F so that the shrinkage of concrete ulti- 
mately is very small. This ensures good contact of 
concrete to the irregular foundation rock. 
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In order to safeguard against cracks in cold 
weather due to sharp fall in atmospheric temperature 
for a long time the lifts are placed at 3 days interval. 
The top of the lift is thus not allowed to cool below 
the safe limit and prevent an excessive temperature 
gradient in the lift itself as the interior of the lift and 
the block is still hot. In such weather, of course sur- 
face cracks in the sides of the block exposed to air 
may occur due to thermal shock but their depth will 
not be appreciable. Even then it is desirable that the 
cracking may be minimum and may not develop fur- 
ther due to some unforeseen or uncontrolled factors. 
The differential height between two adjacent block 
for such considerations has been limited to 20 feet 
(Fig. 8.). 

The use of low cement content and pozzolanic 
materials also reduces the heat of hydration. Every 
effort is being made to have lowest cement content 
by proper control of concrete mixes while the poz- 
zolan is in use from December 1958. 


CEMENT 


Cement for Rihand Dam is supplied from Gov- 
ernment cement factory, Churk which is 50 miles 
from damsite. The cement conforms to the Indian 
Standard Specifications for ordinary Portland cement 
and its average properties are given below:— 

(i) Chemical Analysis : — % 


/O 


Loss on ignition 2.6 
Si0, 22.6 
Fe,0, 2.8 
Al,0, 6.4 
Cad 61.3 
Si0, 2.4 

Free CaO 1.0 


(ii) Theoretical compounds: 9 


Tricalcium Silicate (Ca,Si) 20.0 
Dicalcium Silicate (Ca,Si) 50.0 
Tricalcium aluminate (Ca,Al) 12.0 
Tetra-calcium-alumino-ferrite 
(Ca,AlFe) 8.5 
(iii) CaO 
2.8 Sid, + 1.2 Al,0, + 0.66 Fe,0, O85 
Al,0, = 2:28 
Fe.0, 
(iv) Initial set 3 hrs. 
Final set. 4 hrs. 


(v) Fineness 3,000 sq.cm.per.gm. 
Residue on B.S.S. 170 sieve 7%, 
(vi) Specific gravity 3.12 to 3.15. 


(vii) Heat of Hydration by heat of solution 


method : — 

3 days. 52 cal. per gm. 
7 days. 61 cal. per gm. 
28 days. 80 cal. per gm. 


We have found Bogue’s theoretical compound 
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computations and their effect on strength developing 
characteristics of cement very useful in predicting 
strength-age relationship. It may be interesting to 
discuss this basis in brief at this stage. 

When cement raw materials containing proper 
proportions of the essential oxides are ground to a 
suitable fineness and then burned to incipient fusion 
in a kiln, chemical combination takes place, largely 
in the solid state, resulting in a product named clin- 
ker, which when ground with gypsum 3 to 4% to a 
suitable fineness is called Portland Cement. The 
constitution of Portland Cement clinker i.e. the com- 
pounds formed at incipient fusion have been a con- 
troversial subject and there are various theories on 
this subject. The most accepted view is that the essen- 
tial compounds are silicates of lime: tricalcium sili- 
cate (3 CaO. Si0,=Ca,Si), dicalcium silicate (2 Ca0. 
Si0, =Ca,Si). Also present are tri-calcium aluminate 
(3 CaO. Al,0,: Fe,0,=Ca,Al) and tetra-calciumalu- 
mino ferrite (4 Ca0.Al,0,. Fe,0,—Ca,AlFe.) It has 
been demonstrated that Ca,Si and Ca,Si control most 
of the strength developing characteristics of a cement. 
Also Ca,Si contributes to early strength while Ca,Si 
imparts strength at later ages. The higher the sum of 
Ca,Si plus Ca,Sl, the higher is the ultimate strength 
of concrete, while Ca,Al contributes practically to no 
strength and most of the heat of hydration. 


Cement Testing and Control 


As the quality of cement from the factory varies 
to some extent, it is necessary to keep control of the 
quality in order to economise on the cement con- 
tent in the concrete mixes. Representative samples 
of cement are collected daily from the bulk cement- 
carriers, bringing cement from the factory to the 
damsite and tested at the Rihand Research Labo- 
ratory according to the Indian Standard Specifica- 
tion. The compressive strength of mortar and tensile 
strength of briquettes are tested at 3 and 7 days. 
Complete chemical analysis of cement is done twice 
in a week and the theoretical compounds in cement 
determined. Percentages of Ca,Si and Ca,Si are 
watched and their sum in Churk cement is about 
70%. Adjustments in the cement content in concrete 
mixes are made if variations in the quality of cement 
are indicated by these tests. 


Water-Cement Ratio 


According to Abram’s law, the strength of con- 
crete depends almost entirely on the water-cement 
ratio. Lower the water-cement ratio of a cement 
paste, higher will be its strength. Laboratory studies 
of a particular cement are necessary to determine 
the water-cement ratio and strength curve. 
. eon 
G ratio and strengths 


for Churk cement are given below :— 


Probable minimum values of 


Table 3 
Minimum Compressive Strength 


. Of 6” x12” cylinders at 28 days 
Water-cement ratio bile cy : y 


p.s.i 
by wt. eunsencbisatigintahstanissntietaminiaticne taint 
Air entrained Non-air entrained 
concrete. concrete. 
0.40 4300 5000 
0.45 3850 4500 
0.50 3400 4000 
0.55 3000 3600 
0.60 2650 3250 
0.65 2300 2800 
2000 


0.70 


2400 


Cement Content 


The mass concrete at Rihand Dam has 6” maxi- 
mum size aggregate. The water requirement using 4.5 
~5%, entrained air in the minus 14” portion of the 
concrete mix prepared with crushed coarse aggre- 
gates and blended river and crushed sand is 180 Ibs. 
per .cu. yd. Therefore for an average strength of 
2500 p.s.i. the cement content (at 0.63 water cement 
ratio) used is 286 Ibs. per cu. yd. of concrete, while 
cement content upto 265 Ibs. per cu.yd. has been 
used when better quality of cement was available. 
Face concretes have higher cement contents for 
greater watertightness and durability according to 
the design criteria described before. A reduction of 
about 20% by weight in the cement content was 
possible by use of pozzolans from December 1958. 


POZZOLANS 


Pozzolans may be defined as siliceous or siliceous 
and aluminous materials, which, while in themselves 
possessing no cementitious value, will in finely divi- 
ded form and in the presence of moisture, chemi- 
cally react with calcium hydroxide at ordinary tem- 
peratures to form compounds possessing cementi- 
tious properties. Most of the pozzolans contain sub- 
stantial amounts of materials other than silica, and 
it seems certain that during the process of chemical 
reaction other more complex compounds involving 
alumina, iron and the alkalies are formed. Ordinarily 
the reaction of cement with water results in the libe- 
ration of some calcium-hydroxide which is soluble 
in water and contributes nothing to the strength of 
concrete. In the pozzolan-cement and water mixture, 
the principal products of reaction are said to be a 
hydrous calcium-silicate, perhaps monocalcium sili- 
cate, which is of relatively low solubility and con- 
tributes to strength in concrete. 

Researches in the Rihand Dam Research Labo- 
ratory were therefore, directed to locate suitable 
pozzolans for use in the concrete in the dam. Two 
pozzolans viz. Bokaro fly ash and Bansi clay were 
found suitable and their effects on concrete were 
studied in detail. One of the foremost consideration 
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in the choice of these pozzolans was their cost, which 
would be about half of the cost of cement at Dam- 
site. 


Fly Ash 

Fly ash is a waste product of the pulverised coal 
burning electric power stations and is collected in 
the mechanical or electrical precipitators. Samples 
from Kanpur Electric Supply Co., Kanpur, and 
Thermal Power Station, Bokaro were collected and 
tested for pozzolanic efficiency. Though the fly-ash 
from Kanpur was found to be efficient, this source 
was not considered for supply of fly-ash cue to small 
supplies of 20 tons per day only-and the difficulty 
in quality control. All efforts are now being made 
to procure our requirement of fly-ashes, i.e. about 
100 tons per day, from Bokaro. 


Bansi Clay 

There are some deposits of a naturally calcined 
clay near village Bansi, about 26 miles away from 
Damsite. There are different types of clays and one 
of these has been found to be a very active pozzo- 
lan. Arrangements have been made to procure a sui- 
table crushing plant for pulverising the clay as this 
pozzolan is expected to be cheaper than Bokaro 
fly-ash. 

Both these pozzolans may replace about 20 per 
cent of cement by weight without loss in strength 
of concrete after 90 days. The watertightness of the 
concrete may also increase by about three times. 


“AIR ENTRAINMENT” 

The use of air entrainment has permitted an ap- 
preciable reduction in the water demand and cement 
factor in concrete by increaing its workability. 
The resistance of air entrained concrete to severe 
weathering is several hundred per cent greater than 
the non-air entrained concrete. 

Non-air entrained concrete contains | to 5% en- 
trapped air which is not uniformly distributed in con- 
crete. Bleeding in concrete also creates water chan- 
nels resulting in more voids when water dries up 
later on. The permeability of concrete depends 
directly on the formation of these water channels. 
Purposefull and uniformly distributed entrainment 
of microscopic air bubbles of diameter from .003 to 
.05 inch changes the pore structure of concrete by 
minimising the bleeding channels. Reduction in 
water demand and consequently in bleeding and the 
increased durability has resulted in structures with 
longer life requiring less expenditure for mainten- 
ance and repairs. 


Selection of Air Entraining Agent 


Detailed tests were carried out in Rihand Re- 
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search Laboratory to select a suitable air entraining 
agent. Out of the many brands of air entraining 
agents in the laboratory, Vinsol Resin NVX, an 
American product, was adjudged the most suitable 
in respect of efficiency and cost. 


Rihand AEA 


Further research was done to develop an air 
entraining agent from indigenous products. Several 
raw materials were tried and finally an air entrain- 
ing agent viz. Rihand AEA has been developed from 
gum resin obtained by distillation of oleo resin 
derived from pine wood trees. The chemical com- 
position of gum resin is as follows :— 


Resineous acids. 90%. 
Resins, esters, and 
hydrocarbons. 10%. 


The presence of large amounts of free resineous 
acids makes gum resin highly reactive and superior 
to resin as regards air entrainment. The resineous 
acids are saponified by processing with caustic soda, 
and yield the water soluble resin salts. 


The constituents of Rihand AEA are therefore 
gum resin, caustic soda and water; the caustic soda 
being about 13 to 18% of the resin, and water 
depending on the concentration of the solution 
desired. 


This air entraining agent was thoroughly tested to 
investigate its effect on concrete, was found satisfac- 
tory in every respect and conforms to ASTM stan- 
dard specification for air entraining agent. Rihand 
AEA was also tested in United States Bureau of Re- 
clamation Laboratory, Denver and was found com- 
parable to high quality air entraining agent 
manufactured in the United States, while the reduction 
in water requirement was found to be even more 
than for Vinsol Resin. 


Rihand AEA is therefore, being used at Rihand 
Dam since the comencement of the work and 1.65 
crores cft. of concrete has already been placed with 
satisfactory results. 


Air Content in Concrete 


The volume of optimum air content in concrete is 
a moot point but it is almost universally accepted 
that 3 to 6%, air in minus 14” portion of concrete 
gives the best results. 


At Rihand Dam the decision to use entrained air 
was based primarily on considerations of workability 
and severe weathering is not likely to occur. Experi- 
mental results on the optimum air content determined 
in the Rihand Laboratory are shown in figure 9. On 
these considerations the following air contents in 
different concretes are being used: 
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TABLE 4 


Air Entrained 
Type of mix. 


volume tion of mix. 
Mass Concrete A,S, 5.33 4.5-—5 
Face concrete A S,. . : 
piles 3.1 3.8 - 4.3 
AS. 6 8-4 
Concretes ‘A3/2 - es 2.8 — 3.8 2.8-3.8 
Special Concrete 
A3/4 S,, 25 22 
AGGREGATES 


As natural aggregates are not available in Rihand 
river the aggregates for concrete are produced by 
crushing the rocks obtained from Makra Quarry and 
transported to the stock piles by two sets of 24 miles 
long rope ways. 

This quarry contains predominantly good granite 
and gniess rocks with small seams of quartz and 
weathered schists. The granite and gniess rocks are 
on the whole sound and have the following pro- 
perties : 


1. Coefficient of hardness. 18.2 
2. Resistance to abrasion. good. 
3. Compressive strength 15,686 to 22.794 p.s.i. 
4. Unit weight. 175 lb/cft. 


The maximum size of coarse aggregate has been 
limited to 6 inches and the aggregate are separated 
into six fraction of 6”°-3”, 3”-14”, 147-3”, 37-3” 
3”-3/16” and minus 3/16”. The aggregate fractions 
}”-3” and 3-3/16” and a part of 14”-}” are produced 
by crushing in hammer-mills which impart improved 
particle shape. The stock piles are provided with rock 
ladders to minimise breakage in handling. 

A separate article in this issue of the magazine 
describes the layout and the equipment at quarry and 
the crushing plant. 

Fine aggregate or sand is composed of all particles 
below 3/16” size or No. 4 ASTM sieve. As river 
sand is not available in sufficient quantities and 
varies in quality it is supplemented by crushed sand 
obtained by crushing granite rock in two rod mills. 
The two sands are blended in equal proportions in a 
Bowl type classifier. The density of the composite 
sand is 167 lbs. and the fineness modulus is con- 
trolled to be 2.5 + 0.2 with limits of percentages of 
each sub-fraction. It is of interest to note that about 
12 per cent fine ic. minus 100 mesh particles, have 
beeri included in the prescribed grading of sand while 
the amount of fines should be about 10 per cent from 
test results as shown in (Fig 11 A). It has been found 
that about 6 per cent fines are produced in the 4 
cu.yd. mixers due to grading action in aggregates 
and the amount of fines specified has therefore been 
mentioned as 12 per cent. The general basis of mix- 


By absolute In—14” frac- 


ing 2.5 fineness modulus was to have minimum water 
requirement and bleeding as shown in figs. 10 and 
11. 


Quality Control of Aggregates in field 


The tests on aggregates comprise of determination 
of the (i) density, (ii) voids (iii) internal gradings 
(iv) oversizes and undersizes, (v) fineness modulus 
of sand and (vi) moisture contents. 


(i) & (ii) Density and voids contained in the aggre- 
gates are determined by Techkote air meter. The den- 
sity affects the volume of aggregates while the voids 
give an idea of their shape. 

(iii) The internal grading of aggregates is deter- 
mined by sieving each individual fraction over set of 
screens. The setting of the crushers producing aggre- 
gates is checked and altered if necessary when irre- 
gular internal grading is detected. 

(iv) An aggregate, if varying by less than 1/6th the 
nominal size, is considered as _ non-significant 
Oversize or undersize and if varying by more than 
this is considered significant oversize or undersize. 
Sieves 7/6th and 5/6th of the nominal sizes are 
mace, and percentages of significant and nonsigni- 
ficant oversizes and undersizes are determined which 
should be within the following prescribed limits : — 


Table 5 
LiMITS OF OVERSIZES AND UNDERSIZES IN 
AGGREGATES 
Oversizes Undersizes 


Aggregate Signifi- Non- -Signi- Signifi- Non-Signi- 


Inches cant ficant cant fication 
6-3 Nil No. limit ey 4 10% 
3-14 * - ‘a 10% 
14-3 ‘ ie s 10% 
3-3 ‘i - s% 
3-3/16 " es 25% 


Adjustment in the mix grading are made to 
account for the undersizes and oversizes. 

(v) Fineness modulus of sand is determined by siev- 
ing the sand on a mechanical Rotap sieve shaker 
through standard A.S.T.M. sieves. The variation bet- 
ween ten consecutive samples is not allowed to be 
more than 0.2 from the mean. Sand content in the 
mixes is altered (Fig. 12) if its fineness modulus varies. 

(vi) Tests of the determination of moisture con- 
tent of aggregates are made half hourly and adjust- 
ments in batch weights of the concrete mix ingre- 
dients are made to correct for the moisture con- 
tents. Since mix design computation and mix pro- 
portions are based on the assumption of saturated 
surface dry aggregates, the free surface moisture is 
cetermined usually by drying the aggregate on a hot 
plate and determining the loss in weight. While chan- 














i 
| 
{ 
. 
' 
4 

















RIHAND PROJECT NUMBER—JANUARY, 1960 


ges in moisture contents of coarse aggregates are gene- 
rally infrequent, the variations in the case of sand 
are sufficiently important to warrant frequent adjust- 
ments in the mix if uninformity of water-cement ratio 
and the consistency of concrete are to be maintained. 


Tests for moisture contents are made half hourly, 
for fineness modulus of sand every 2 hours, and for 
oversizes, undersizes, internal grading, density and 
voids eight hourly. 


WATER 

The water, to be mixes in concrete is clear and 
free from injurious oils, acids, alkalies, organic 
matter, salts, silt or other impurities, The turbidity 
limit has been specified as 2000 parts per million. 
Turbidity of mixing water is determined frequently 
by Jackson’s candle Turbidimeter. Water with turbi- 
dity higher than 2000 ppm is not used in mixing. 


CONCRETE MIX DESIGNS 
The following are some average properties of con- 
creates being poured in Rihand Dam:— 


Table 6 
(See also fig. 13) 


Face 
Item Interior Up stream Down 
Stream 
1. 28 days average compressive 
strength of 6” diax 12” 
cylinders p.s.i. 2500 4000 3000 
2. Maximum size of aggregates- 
inches 6 6 6 
3. Slump-inches 14 14 14 
4. Air content (% air in —14” 
concrete.) 4.5-5 3.8-4.3 3.8-4.3 
5. Unit wt. in lbs/cft. 156 156 156 
6. Water cement ratio by wt. 0.63 0.43 0.55 
7. Water in Ibs/cyd. 180 185 180 
8. Cement (lbs.per.c.yd.) 286 430 327 
9. Aggregates fraction as percent by solid volume of total 
aggregates. 
Mix 67-3” 3%-14" 14°-9” 37%-3" 3°°-3/16" sand 
(F.M. 
2.50) 
A.S,. 24 17 14 13 7 25 
Sus 24 16 14 13 6 27 
A,S. 24 16 14 13 6 a 





PRODUCTION OF CONCRETE 

The batching is done by weight which is automa- 
tically controlled by electrical devices. There is pro- 
vision for setting each scale of the concrete ingredients 
for twelve different mixes. By turning the particular 
mix selector knob and other control switches, any of 
the twelve mix ingredients can be automatically 
weighed, mixed and transferred to the concrete con- 
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veying bucket. Samples of materials for moisture 
and other tests can be taken from weigh hoppers. 

To ensure that concrete ingredients are weighed 
within specified limits of accuracy, the scales are 
checked periodically once a week. Standard sized test 
weights are used in checking scales. The scale is 
loaded in increments, making successive use of test 
weights available until a total weight has been reached 
which is equal to or greater than the maximum load 
applied when the scale is in use. If there is evidence 
that scales are not operating properly during the 
operation of concreting the objectionable operating 
conditions are immediately corrected. 


Mixing 

Four numbers 4-cubic yard Koehring heavy duty 
mixers, fed through a common automatic surging 
discharge chute, mix the concrete. The mixing time 
including the time of charging the concrete ingredi- 
ents, which is 20 seconds, is 3 minutes. The charging 
sequence of the concrete ingredients is water, }”-}”, 
3”-3/16”, cement, sand, 14”-}”, 3”-14”, 6”-3” but 
water is charged such that it is flowing till the last 
ingredient leaves the weigh hopper. 

The ability of mixers to properly mix the concrete 
is determined by the mixer efficiency tests which are 
performed frequently. 


CONCRETE TESTING AND CONTROL 
Sampling Concrete 


Samples of mixed concrete are taken for consis- 
tency and workability, air content, unit weight and 
temperature. Arrangements for procuring samples of 
mixed concrete have been made at the mixing plant 
under the discharge hopper. The sampling device is 
shown in Fig. 14. The samples are obtained without 
any delay to concreting operations. 


Consistency and Workability 

Consistency and workability necessary for proper 
placement are measured by the usual slump test and 
ensure the correct water-cement ratio. Since the re- 
peated batches of the same mix if brought to the 
Same consistency will have the same water content 
and consequently the same water-cement ratio, provi- 
ded factors such as batch-weights, aggregates, grading 
and temperatures of materials are fairly uniform, 
adjustments for moisture variations in aggregates are 
made frequently as indicated by moisture tests. It is 
desirable to maintain as far as possible stable mois- 
ture contents in the aggregates, uniform aggregate 
grading, accurate batching, all in such degree that 
consistency control within close limits is possible. 
The subsiding of slump cone concrete indicates the 
workability of concrete while result of tamping the 
concrete-cone reveals the consistency of concrete. 


Slump tests are made half hourly, and adjustment 
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in the mixing water is made to assure uniform con- 
sistency and workability. 

Slump tests are often made at the point of place- 
ment also to determine the slump loss in handling of 
concrete. 


Air Content 

The air content of concretes is determined every 
half hourly by means of Techkote air meter which is 
a direct reading instrument. Since the air content in 
concrete has an important bearing on the strength, 
workability and durability of concrete, it is main- 
tained within close limits aod tests for entrained air 
in concrete are done every 4 hour or 45 minutes 
according to the progress of concreting. 


Unit Weight 


Unit weight of concrete is determined by air meter 
for minus 14” concrete and in a one cubic foot con- 
tainer for 6” concrete. This provides a check whether 
concrete as mixed is according to the design given. 
The unit weight of concrete is determined theoreti- 
cally and checked with the laboratory tests. The 
variations may be due to air-content and unit wt. of 
aggregates and checks are made to correctly assess 
and control these variables. 


Temperature 


The temperature of concrete is measured both at 
the batching plant and the placement. 


Casting Specimens of Concrete 


Samples of concrete for casting cylinders are 
taken every two hour 6” dia x 12” cylinders are 
cast for compressive strength tests; one at 7 days, 
two at 28 days while one cylinder is tested for some 
specimens at 3 days and others at 90 days. Extra 
specimens of some samples are cast for testing after 
long periods of 6 months, | year and 2 years. Beams 
are cast occasionally for flexural strength tests. 

Usually each type of concrete other than mass- 
concrete is sampled at least once every day for 
strength tests when it is placed. 

The concrete cylinders are covered with wet sacks 
in the batching plant laboratory for 24 hours, their 
number marked and then transported to main labo- 
ratory and cured in the fog room at constant 70°F 
temperature and 100% humidity for 27 days. For 
longer ages the cylinders are kept in separate curing 
rooms provided with temperature and humidity 
control. 


THE ORGANISATION 


The laboratory is headed by an Executive engi- 
neer who is assisted by six Assistant Engineers. 
There are twelve qualified Test and Control Supervi- 


sors working under the Assistant Engineers for Test, 
Research and Control of concrete. 


There are two field laboratories, one for testing 
aggregates located near the aggregate stock piles and 
another at the batching and mixing plant for testing 
concrete samples. There is one Assistant Engineer 
in each shift in charge of inspection and control of 
production and quality control of concrete. Under him 
are two supervisors one in each field laboratory to 
carry out the tests on aggregates and concrete. Two 
attendants each in the aggregates and mixing plant 
laboratories and one mistri, are provided to assist 
the supervisors in sampling and performing various 
tests. 

Besides the wo field laboratories for field Control, 
there is a main test and research laboratory which 
is well equipped for carrying out the various tests. 
A Baldwin Universal Testing Machine with a capa- 
city of 400,000 Ibs. and equipped with various acces- 
sories is used in compressive, tensile, flexural and 
other tests. Facilities have been provided for making 
and testing concrete specimens for strength, elasticity 
permeability, volume change and thermal charac- 
teristics. The laboratory has a fog room which is 
maintained at constant 100% relative humidity and 
70°F temperature to provide ideal conditions for 
moist curing. A well equipped chemical laboratory 
is provided for chemical tests of cements, pozzolans 
etc. The laboratory not only provides routine testing 
of concrete ingredients which serve as a basis for 
determining and ensuring compliance with specifica- 
tions but is also responsible for working out con- 
crete mix proportions to secure the maximum value 
from the available materials. 
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Aggregate Production for Rihand Dam 





IHAND Project is one of the major hydro-elec- 

tric projects under the second Five Year Plan. 
A 300 ft. high straight gravity dam across River 
Rihand at Pipri (Mirzapur District) will harness the 
waters of Rihand to generate 105,000 kW. of firm 
power at Rihand Dam Power Station which will have 
an installed capacity of 300,000 kW. 


The length of the dam is 3,065 ft. and volume of 
concrete about 6,00,00,000 cft. The U.P. Government 
called global tenders for the works and the Hindus- 
tan Construction Co., lowest tenderer, has been awar- 
ded the contract for the entire Dam and Power House 
structure. 


One of the major aspects of the construction is the 
selection and operation of a quarry for the produc- 
tion of suitable and sufficient quantity of aggregates 
for the concrete in the Dam and Power House. 


INVESTIGATION OF QUARRY 

The Department had made preliminary investiga- 
tions and some quarries were selected on the right 
bank, about 2 to 3 miles away from the dam. The 
drilling done by the Department was giving only the 
amount of overburden and no details as to the nature 
of rock and the availability in quantity. Further the 
area was going under submergence as the elevation 
of the dam was raised. The approach also would be 
through the submerged area. 


Hence, it was decided by the Company to search 
for a quarry that can be above submergence. Detailed 
investigations were started both by the Company and 
the Department and the results were the present quar- 
ry area. This quarry is about 3 miles away from dam 
site and on the left bank. The area of rock plateau is 
about one mile long and about 3 furlongs wide. In- 
vestigations were carried out to ascertain the depth 
of overburden and nature of rock. Diamond core dril- 
ling was adopted. About 26 cores at different areas 
of quarry were taken to a depth of 100 feet in rock. 
It was noticed that the overburden i.e. the earth and 
the weathered rock was from 15 ft. to 30 ft. The total 
quantity of rock required was about 6,00,00,000 cu.ft. 
Considering the overburden it was decided to have 
an area of 6,00,000 sft. and go 100 feet in rock. 


The cores showed that good quality granite and 
gneisses could be had in sufficient quantity. It was 
also noticed that there were some faults and veins of 
schist and injection gneiss, hence these were avoided 
from the areas of operation. Sample of blasted rock 
and cores were sent to Alipore Test House and the 
rock was certified as a suitable aggregate producing 
one. 


By A. NAGBHUSAN RAO 


Removal of Overburden 


The quarry overburden removal was started first 
with labour. All the area cleared of trees and shrubs 
and the area with minimum overburden and where 
rock was exposed was tackled first. 


Trolly line and trollies were extensively used. D-8 
Tractor was also used to doze out the soft areas. 
Rooter was tried for removal and was successful only 
in a limited area and that too when the ground was 
wet. Shovels and Euclid dumpers were also employed 
where the overburden was heavy. The weathered. 
rock needed drilling and blasting. But the main earth 
overburden was removed by labour during and after 
monsoon months when work in thé dam site could 
not be carried out. Thus work was provided always 
to the labour. 


Quarry Development 


The opening up of the faces, the number of ben- 
ches and the number of faces etc., were all worked 
out in detail. The position of the primary crusher, the 
shovels, the transport, the approach roads, the drai- 
nage, disposal of overburden and the type of drilling 
equipment and other connected factors governed the 
development of quarry. 


The length of the quarry is about 1100 ft. and the 
width about 600 ft. average. About 200 ft. of quarry 
area is bad with too much bouldering area and over- 
burden. This divided the quarry into two sections. So 
two faces were taken up. In terms of elevation, the 





Fig. 1—Quarry face: Shovel loading Euclids. 
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Fig. 2. 


quarry top is R.L. 1180.00, overburden about 20 ft. 
average and so rock R.L. 1160.00. But this is a vary- 
ing elevation all over. 

The first stage of quarry floor was selected at R.L. 
1140; the final level being 1080. In the initial stages 
it was decided to work the quarry in three benches. 
The final one will depend upon the drilling equip- 
ment. It took almost 6—9 months from the first blast 
on the face to make two good 350 to 400 ft. long, 50 
ft. to 70 ft. high faces. The second stage at a level 
of R.L. 1100 is being opened up. The third stage will 
be a level of R.L. 1080.00 (or 1070 depending on 
actual quantity of concrete). 

Three approach roads are made to the Primary 
Crusher which is at the elevation 1142.00 and about 
800 ft. from the nearest face. Two-way traffic premix 
asphalt road with necessary turning area is made from 
the junction of three approach roads to the crusher. 


Drilling & Blasting 

The drilling equipment used is the Atlas Copcos 
Hand-held deep drills and deep drill rods. Atlas Copco 
make a solid piston wet drill Jack Hammer. The drill 
steels are “SANDVICK” 7/8” hexagonal rods with 
detachable 36 mm chisel bit and shank rod sets and 
extension rods. Three men are needed for each 


machine while drilling deeper than 30 ft. (Two dril- 
lers and one helper). The drilling is wet. About 14 to 
18 deep drilling machines work in each shift for two 
shifts depending on requirements. 10 to 12 ordinary 
jack hammers work for secondary and boulders in the 
3rd shift. Wagon drilling using 2}” bits is also being 
adopted. The drilling pattern varies depending on the 
type of rock and face. Usually, the very unconven- 
tional pattern of 8’ spacing and 3 ft. burden is adop- 
ted. This pattern was adopted after trial of all sorts 
of arrangements; the main object being to get a well 
fragmented heap. 


Explosives are blasting gelatine 1” or 1.1/8” dia. 
strengths varying from 60% to 90% depending on 
whatever is available from Messrs. Imperial Chemical 
Industries. 


Milli. second short delay detonators No. 0 to No. 6 
are used for detonation of all main blasts. Ordinary 
electric for secondaries. Most of the blasting is by 
electrical detonation. In very few cases and in over- 
burden, ordinary hand blast is done. Main blasts are 
done once in 3 days and secondary once a day. Regu- 
lar maintenance of Jack Hammers are carried out in 
the workshop. The bit grinding is done on site. Air 
line lubricators are used along with Jack Hammers. 
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Air Supply 

A central air compressor station supplies air to the 
drilling, workshop and the crushing plant and rope- 
ways. Four numbers, two stage electrically driven 
Broomwade make compressors of 512 cft. capacity 
and two numbers diesel compressors of 350 cft. capa- 
city each make up the station. Now two more Atlas- 
Copco two-stage 571 cft. capacity each compressors 
are being added to the station. 

Ample receiver capacity is provided. A six-inch 
main about 1500 ft. long carries the air to the quarry 
for drilling. The six inch main runs all along the peri- 
phery of the quarry and 4” tappings are taken wher- 
ever needed. 


Water Supply 


For the deep drilling and wagon drilling, filtered 
water is used. A central tank at elevation R.L. 
1300.00 supplies water through a 4” gravity main to 
the quarry. The raw water is pumped to quarry all 
the way from Rihand River (elevation R.L. 630.00). 
Pumping is in two stages. The main is 12” dia. At 
quarry end, the system consists of storage tank, set- 
tling tank and rapid sand filters and filter water 
storage tank and pumping sets for pumping to ele- 
vated tank at R.L. 300. 

General 

The quarry has to supply every day on an average 
of 6000 tons of blasted rock. This rock must be good 
and must be well fragmented to suit the two Primary 
Crushers (36” Gyratory and 48” x 36” Jaw Crusher). 
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The blasted rock must be in good heaps for easy 
shovel operation. The blasts are to be controlled to 
avoid excessive throw, of bottom toes and benches. 
The drilling and othtr operations are carried out in a 
well organised three shift. 


Loading & Transport 


The blasted rock from the quarry has to go to the 
Primary Crushers. The loading is done by 24 cyd. 
shovels, There are two diesel Northwests and two 
Electric Ruston Bucyrus. Two shovels work in each 
shift. The two 54-RB electric shovels are of Ward 
Leonard Control type. Supply is 3300 V. Each has a 
trailing cable 800 ft. long. Six nos. Euclid dumpers 
36BF type with Rock Body and Rolls Royce engines 
are used for transport. A D-8 tractor keeps the quar- 
ry clear after blasts and helps shovel operation. 


Crushing Plant & Aggregate Processing Plant 


The aggregate processing plant comprises of the 
Primary Crushers, the primary stock-pile, the secon- 
dary crushing screening plant and the sand proces- 
sing plant. 


Design of Plant & Layout 

The plant is based on a designed peak capacity of 
500 tons per hour and two shifts or sixteen hours 
operation. This corresponds to a concrete placing 
capacity of 240 cyds per hour for twenty-four hours. 


The Company had in its possession a well-laid out 
200 tons/per hour capacity plant is Vaitarna, and 





Fig. 3—Crushing and Screening Plant. 
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Fig. 4—View of Damsite from top of headmast. 


had operated it successfully. The plant at Rihand was 
entirely planned, designed and erected and put into 
operation by the Company. It did not seek any out- 
siders’ help. In designing the plant for Rihand, the 
existing Vaitarna Plant was taken into consideration. 
Vaitarna quarry was basalt rock whereas at Rihand 
it is granite. Before finally selecting the equipment, 
the experimental crushing of Rihand Rock was done 
at Vaitarna, the laboratories of Pegson Ltd., Eng- 
land, and Allis Chalmers, U.S.A. 

It was noticed at Vaitarna, where two wagon loads 
of Rihand rock were crushed and processed in Gyras- 
pheres and cone crushers that smaller aggregates were 
flaky and when this was passed through Kubit Brea- 
kers, the shape improvement was surprising. The pro- 
duct from the small Jaw Crushers which the Depart- 
ment was working on site also showed that the smal- 
ler aggregates were flaky. 

Serious thought was given to the heavy wear on the 
Kubit Breakers as it had to process granite. But 
considerations of saving in cement and good workable 
concrete due to good shaped aggregates made use of 
Kubit Breakers imperative. Wet processing is adop- 
ted for finer aggregate processing and sand processing 
to get a better control as well as to avoid the dust 
nuisance. 

It was originally intended that all sand will be 
crushed, manufactured and no river sand to be used. 


The manufactured sand was to be a blend of Kubit 
Breaker sand and the rod mill sand processed in the 
classifier. To get sufficient quantity of sand, the Kubit 
Breakers were to do reduction as well as Kubitising. 
For reduction they were to be run at higher speeds 
and the wear was too heavy. Due to the foreign ex- 
change difficulties, the necessary spares for Kubits 
could not be had. Further it was also considered by 
the Company and the Department that it was not in 
the interest of the nation to import these when alter- 
native arrangements could be had. Hence Kubits are 
used only for Kubitising i.e. improving the shape. The 
deficiency in the manufactured sand due to this 
arrangement is made up by using river sand. These 
entailed some alterations in the plant. Some modifica- 
tions in the plant were also made to overcome the 
difficulties experienced in the plant during operation. 


Primary Crushing 

The Primary Crushing Section which is separated 
from the Secondary by a stock-pile, consists of : 

Two main crushers discharging into a single stock- 
pile. 

1. 36” Allis Chalmers “SUPER” Gyratory Crusher 
(At elevation R. L. 1140). This is driven by, a 250 
H.P. motor, has a capacity of about 350 T/h. 

The Euclid Dumpers unload into a masonry hop- 
per and the material is fed to crusher by means of 
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“ROSS” chain feeder. This consists of four endless 
chains of 4” dia running on a drum driven by a vari- 
able speed gear driven by an electric motor. 

The discharge from the crusher is carried by a 36” 
wide conveyor belt to a stock pile 80’ high. 

A 20 ton capacity electric travelling crane is pro- 
vided over the crusher to clear the big stones that 
jam across the spider and crusher body as well as to 
do maintenance and concave and mantle changing. 

2. 48” x 36” Hadfields Jaw Crusher is situated 
nearer to Quarry at elevation R.L. 1110. This is 
driven by a 150 H.P. motor. This crusher is fed by a 
Plate Apron feeder. The discharge is carried by a 36” 
belt to the same stock-pile of Allis Chalmers. 


Secondary Crushing & Screening 


The primary crusher material which is all below 
about 8” is drawn through a 36” wide belt (b2). This 
is fed by a 500 ton/hr capacity Locker Vibratory 
feeder. B-1 belt discharges on a pair of Scalping 
Screens 12’ x 4’ with 6” sq. opening. - 6” material is 
screened on a pair of Double Deck 3” and 14” Screens 
S2 (12'0” x 4-0”). Required 6”-3” material goes to 
Ropeway despatch bin on B-13—30” belt. 3”-11” 
goes to Bin on B-14-24” belt. Excess 6”-3” and 
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3-14” are crushed in the above crushers. -14’’ goes to 
a pair of Double Deck Screens S4 (12’x4’) with 
7/8” and 3/8” deck screens. 

From the Secondary Crushers, 16” Taylor and 489S 
Pegson, the material goes on to B3 and B4 belts (30” 
wide) to a pair of double deck screens where decks are 
14” and 3”. +14” - 3” from this screen can be taken 
as finished on B14 belt or can be taken for recrushing 
on the $4 Circuit through BS belt. 14” and }” goes 
either as finished-on B15 belt or goes for kubitising 
in Kubit Breakers through B6 - B7 or recrushing on 
S4 circuit through BS5 belt. - }” material is taken on 
BS belt to S4 screens. 7/8” material from S4 Screens 
are recrushed in a 36” Symon Cone Crusher. 


The discharge of Symon and 3?” - 3” from the S4 
Screens are taken to Kubit Breaker feed stock-pile by 
B6 and B7 belts. - 3” from S4 Screens goes to Rod 
Mill feed stock-pile by B8 belt. The Kubit Breaker 
stock pile consists of mostly - 14” 3” material from 
all the Secondaries. This material is Kubitised in the 
four Kubit Breakers. These are in two pairs. Each 
pair of Kubits is fed by a separate 24” belt by two 
gates to each belt in the tunnel below the Kubit feed 
stock pile. 

The Kubitised material is taken on a 36” belt which 





Fig. 5—View of Dam from left bank. 
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discharges on a pair of 12’ x 5’ wet screens (S5) with | 
2” and }” decks. 14”-}” and }” - }?” go on BIS 

—B16 belts respectively to Ropeway despatch bins. 

—}” goes to the last pair of wet screens S6 12’ x4’ 

with 3/16” and 1/8” decks. Required quantity of 

3” — 3/16” goes as finished to Ropeway bin on B17 

and 1/8-3/16” and excess }” -3/16” go through 

B21 - B22 and B8 to Rod Mill feed stock pile. 

(-4” goes direct to classifier). 


The Sand Section 

Two rod mills—Marcy & Pegson—of 12’ x 6’ with | 
wet grinding produce the necessary sand. Each rod 
mill is fed separately by belts from the Rod Mill feed 
stock pile. The Rod Mill discharge is pumped by one 
5” Wilfly Sand Pump—either on to S6 Screens or 
direct to 16’ dia Bowl Classifier with 30’ rake. The 
rake discharges on to a belt B11 which in turn dis- 
charges on B12. Belts B11 and B12 form three stock 
piles about 50’ high to allow for sufficient drainage 
of wet sand. The drained sand is taken by B-18 belt 
running in a tunnel under sand drainage stock-pile to 
the Ropeway bin. The overflow from the classifier is 
pumped upto Dorr Thickner 100-0” dia. by two 
stage pumping using 8” Wilfly pumps. The thickner 
or the clarifier is in closed circuit with the sand plant 
and wet screens. The make-up is added from a storage 
reservoir. 

River sand is brought by lorries from the river bed 
near the dam site. Samples are taken on the site and 
analysed and areas marked for sand despatch. This 
gives the necessary data to control the Rod Mill pro- 
duct so the blended sand is to the requirements. The 
sand lorries unload into a masonry hopper at the quar- 
ry plant. Sand is drawn by a conveyor belt under the 
hopper and washed down to classifier where it blends 
with the manufactured sand in the bowl and rakes. 


To be able to produce the excess finer aggregates 
that may be needed for special concrete and also to 
recrush the excess bigger aggregates a recrushing cir- 
cuit is introduced. 

The aggregates 6-3, 3-14, 14-} or 3-3/8 can be 
drawn from the Ropeway Bin on to a belt which 
feeds a 48” standard Pegson Telsmith Crusher. This 
crusher discharges on to B3 belt through belt B-28. 


Thus the entire plant is so arranged so as to able to | 
produce the required percentages of different aggre- | 
gates for the concrete. | 

The finished aggregates that are taken in a cement 
concrete bin are transported to the stock-pile at the 
dam site by means of two independent Bi-cable Rope- 
ways. The capacity of each Ropeway is about 200 
tons per hour. The Ropeways work on three-shift 
basis with regular breaks for maintenance etc . 

Thus the Quarry and the Aggregate processing 
plant—one of the biggest granite aggregate proces- 
sing plants in the country goes on supplying enough | 
eae of good shape and quality for Rihand 

am. 








The moving parts in a motor car must be ground 

to very close limits of accuracy and with good 

finishes, so as to reduce friction, and so prolong 

engine life. The automobile industry is therefore 

particularly dependent on precision grinding 
wheels, to ensure greater accuracy. 
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The Rihand Dam Rises 





N the distant hills of eastern U.P. a concrete dam 

is fast rising across the gorge of the Rihand River. 
The dam when completed will form a large reservoir 
of 8.6 million acre-feet capacity, spreading over 180 
sq. miles of area. The power House is located at the 
toe of the dam on the right Bank. The Power instal- 
lation will initially consist of six generating units each 
of 50,000 kW. capacity connected to a 70,000 H.P. 
turbine. The turbines are to be served by 16 ft. dia. 
steel lined penstocks installed in the body of dam. 
Rising 295 ft. from the lowest foundation, the main 
gravity type dam will contain 2.1 million cu.yds. of 
mass concrete. The length will be 3064 ft. at crest. 
The spillway will be provided with 13 tainter gates 
each 40 ft. x 28 ft. and will be adequate to route a 
maximum possible flood of 8,41,000 cusecs without 
overtopping the dam. 


The potentialities of the Rihand river—a tributary 
to the Sone—were known to the country’s engineers 
for long. It was only after the Independence in 1947, 
however, that the plan for their exploitation and utili- 
zation took root. Preliminary operations commenced 
in 1948. In 1951, explorations had sufficiently ad- 
vanced at the present site where the river passes 
through a narrow gorge with well defined outcrops of 
gneissose-granite, At one time U.P. Government was 
thinking of executing the project departmentally. But 
later, global tenders were invited and the work of the 
construction of the dam and power house was awar- 
ded on March 12, 1955 to Messrs. Hindustan Cons- 
truction Co. Ltd., whose bid of Rs. 17 crores was the 
lowest. 


The nature and the magnitude of the work and the 
time limit for completion called for heavy mechani- 
cal construction plant and a well-planned and co- 
ordinated working. Nothing that might seriously in- 
terrupt the operations could be left to a chance. Nor 
was it possible to delay the commencement till all the 
new plant arrived. Great emphasis was therefore laid 
during planning on the judicious selection of plant, 
the construction, and the utilisation of the existing 
plant till the new plant was available on the site. The 
existing plant though of a smaller capacity, rendered 
yeomen service in keeping the wheels of progress 
moving right from the beginning. 


Major decisions had to be taken in selecting the 
plant, regarding the methad of placement of concrete. 
The choice lay between the “Hammer-head or Re- 
volving Cranes on Trestles” and “Cableways”. Almost 
all the foreign experts were in favour of use of cranes; 
it involved fabrication and erection of nearly 4000 
tons of steel-work in trestles. Procuring this much 
quantity of steel in a period of few months was almost 
impossible with the shortage of steel reigning in the 
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country. There again, trestles—it was felt—ran the 
risk of being exposed to damage due to floating tim- 
ber or tree trunks passing down the river during 
floods. On the other hand the span for the cableways 
had to be 3050 ft. and cableways of such a length 
with 20-ton load carrying capacity were never tried 
before. Foreign experts considered the use of cable- 
ways beyond 2850ft. frought with risk. The contrac- 
tor’s engineers who had seen 20 ton cableways in 
operation at the Grande Dixence Dam in Switzerland 
were convinced of the suitability of the use of cable- 
ways and in the special circumstances attending the 
Rihand Dam, opted in favour of cableways. The 
Italian firm who had designed the cableways for the 
Grande Dixence Dam offered to design the cableways 
for the Rihand Dam conditions. 


A good deal of experimentation and testing had to 
be done in laboratories to finalise the design of the 
various elements of the cableways. In the final design 
is incorporated nearly 1500 tons of steel. 


The head mast which is 320 ft. high is fixed in 
position while the tail mast 150 ft. high moves radially 
on a runway 1015 ft. long. The runway is supported 
on a rigid structure taken to good foundations. 


Much careful planning also went into the other 
basic operation viz. aggregate production, processing 
and concrete mixing plant required to meet the de- 
mands of a heavy construction schedule. 


RIVER DIVERSION 
Preparation of foundation: for the dam required 





Fig. 1—Quarry face: Shovel loading Euclids. 
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Fig. 2—Ropeways conveying Aggregate to Stock-piles. 


removal of nearly 78,500 cu.yds. of overburden and 
34,700 cu.yds. of shattered and unsuitable rock. To 
be able to work in dry space on foundation prepara- 
tion, the contractor has a three phase river diversion 
sequence of which two phases have been completed. 
The diversion system has been designed to cater for 
dry weather flows upto 8500 cusecs. In the initial 
phase, the river was diverted through a channel in 
the right abutment cut specially for the purpose and 
crossing the dam through monolith 25 and 26. Two 
masonry cofferdams—one on the upstream and the 
other on the downstream—were provided to guide 
the river through this channel. These cofferdams re- 
quired nearly 16,500 cu.yds. of masonry. By January 
1958, all the monoliths of the spill-way were covered 
up and the power house blocks were raised to a fair 
elevation. A conduit 12 ft. x 14 ft. was built in Block 
37 of spillway for the second phase of diversion and 
the stream was then conducted into this conduit 
through another channel flanked by masonry walls. 
This phase will continue upto a stage when the per- 
manent under sluices in Blocks 38 and 43 are built 
in at R.L. 710. The lower conduit in B1. 37 will then 
be closed by a gate on its upstream and the river 
flows passed through these under-sluices. It is pro- 


posed to plug this conduit for its full length by injec- 
tion grouting using “Cheecol” fluid. 


Briefly the concrete is being produced as follows. 
The concrete aggregates are quarried nearly 3 miles 
from the dam site on its left bank. At one time quar- 
ries were proposed on the upstream side on the right 
bank. These had to be abandoned in favour of the 
present quarries as the former were liable to be sub- 
merged in the later stages of the work. After stripping 
overburden upto 30 ft., the contractor has opened out 
a face nearly 1100 ft. long and 600 ft. wide. The quar- 
ry is to be worked in three benches of 30 ft. depth 
with the floors from R.L. 1170 to 1140, 1110 and 
1080. The Primary ¢rilling is being done by hand- 
held jack-hammers with 3” extensible steel in pat- 
tern of 8’ x 3’. Wagon drills also drill 2}” round holes. 
in a staggered pattern of 8’ x 8’. Special gelignite of 
80% strength is used as explosives. 


Down on the quarry floor, the blasted rock is 
loaded into 15 ton Euclid and dump wagons by four 
24 cu.yd, electric and diesel shovels and is hauled 
to a feeding platform of primary crusherss. The elec- 
tric shevels are equipped with Ward Leonord con- 
trol. 
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FLEXIBLE PROCESSING FACILITIES 


The primary crushing unit provides for two inde- 
pendent circuits feeding into a single 30,000 ton surge 
pile. A 36” x55” Superior Gyratory Crusher feeds 
One circuit whereas a 48” x 36” Hadfield Jaw breaker 
feeds the other. The product of the primaries are then 
reclaimed from under the pile and is fed to a battery 
of secondary Gyraspheres and cone crusher. One 48” 
Gyrasphere, one 16” Bulldog Gyratory and one 3 ft. 
dia. cone crusher form the secondary crushing unit. 
Four Kubit Breakers act as tertiaries to kubitize the 
— 14” material. Six sets of vibrating screens sort out 
the aggregate into the various grades, namely 6” — 3”, 
3”-14” 14°—}2”", 2?”—3/8" 3/8”-1/8” (coarse 
sand). 

On its way from the surge pile, the material under- 
goes a scrutiny by an electronic metal detector which 
locates tramp pieces of iron to prevent them from 
going into the secondary crushers. 

The fine sand is processed by two 12’ x 6’ Marcy 
rod mills and a Dorr Classifier. Natural sand avail- 
able on the upstream of the dam site is transported 
about 5 miles to the quarry site. This is blended with 





65 


the manufactured sand in the Dorr Classifier which 
functions to separate the - 100 mesh material by 
floatation and the heavier material is raked out as 
useful sand. The effluent from the classifier with the 
floating fines is pumped to a Dorr-Clarifier and is re- 
covered as clear water to be put back in circulation 
of the floatation system. The sand is stacked in three 
55 ft. high piles to drain off its moisture. 


The finished aggregate and coarse sand from the 
respective screens and the fine sand from the stock 
pile are then conveyed to separate bins by means of a 
system of conveyor belts. A recirculation circuit with 
a 48” Gyrasphere with fine crushing head has been 
recently introduced to make up any deficiency of 
smaller aggregates by recrushing the excess in bigger 
aggregates. 

The entire crushing plant is designed for an hourly 
capacity of production of 500 tons of processed mate- 
rial. 

The aggregate from the bins is transported over a 
distance of 11700 ft. to main stock piles by two 
bicable ropeways each of 200 tons capacity. The 
ropeways have a speed of 620 ft. per minute with 





Fig. 3—View of Cooling Plant and Batching Plant. 
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Fig. 4. 


buckets of 1 ton capacity spaced at interval of 200 ft. 
Each ropeway has 38 pylons and two tension gearss. 
The maximum height of a pylon is 108 ft. 

The buckets dump the contents into six 60 ft. high 
twin stock piles for each size of the aggregates. A 
recovery tunnel under the stock-piles has a 36” wide 
conveyor to transport the graded aggregates into the 
hoppers at the entry of the cooling tunnels. 


PRE-COOLED CONCRETE 


The concrete specifications require the tempera- 
ture of the concrete placed in forms to be not higher 
than 60° F. This called for a complete refrigeration 
system for chilling the aggregates, sand and mixing 
water. The colling of aggregates is done by a process 
for which patent is held by the contractor in collabo- 
ration with Messrs. Voltas Ltd., who have supplied 
the refrigeration equipment for this job. 

In the cooling tunnel, six separate belts for each 
grade are run in a tightly insulated enclosure 300 ft. 
long. The four grades of stone are cooled by inunda- 
tion in 36° F water sprayed on to the conveyor belts. 
The two grades of sand are cooled by a blast of chil- 
led air at 40° F. The air-blast is designed with parti- 
cular care so as not to blow off the fines. Suitable 


churns are also provided on these belts to turn over 
the sand. The belts have a horizontal run for nearly 
200 ft. and further the belts run on an incline with a 
loop to drain back the water remaining on the stone. 
The sprayed water is then reclaimed through a chan- 
nel to a reservoir-cum-settling tank provided with 
fine screens. The clear water is taken back into the 
circuit. The cooling of air is done by air-washer which 
has 8 fans each of 25,000 cfm. capacity. The air- 
washer utilises 36° F water to produce air at a tem- 
perature of 40° F. The water leaving the air-washer is 
also sprayed on the entry bins of conveyor belts to 
gain more cooling. The chilled aggregate are fed into 
insulated bins and then conveyed by 36” belt to the 
bins of batching plant. This conveyor again runs in 
an insulated enclosure where a draft of cold air is 
introduced by a separate air-washer to prevent any 
rise of temperature. The 980 ton refrigeration plant 
employs two 300 ton and one 380 ton carrier centri- 
fugal compressors to chill the required quantity of 
water to 36° F for spraying on cooling aggregate, air- 
washers and also as mixing water. A separate sub- 
cooling unit is installed for further lowering the tem- 
perature of mixing water to about 35° F. The resul- 
tant temperature of sand and aggregate is about 68° F 
and 42° F respectively. These when mixed with water 
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Fig. 5. 


at 35° F and uncooled cement gives a concrete tem- 
perature at placement point of 60° F, even after allow- 
ing for a possible rise of 3° during mixing, transit etc. 

Cement for the project is supplied by a Govern- 
ment Factory at Churk and is transported by con- 
tractor in bulk in a fleet of 17 ton capacity Gramme 
trailers pulled by Mack trucks. The cement un- 
loaded from the trailers is taken to the batching plant 
by a bucket elevator. Extra cement received is stored 
in two 1000 ton silos. The elevator charges cement 
either into the cement bin of the batching plant or to 
the silos which are equipped with aeration nozzles. 
The cement is reclaimed into the batching plant from 
silos through the same elevator. 


The 980 cu.yds. batching plant is equipped with 
fully automatic weighing and recording devices. Air- 
entraining agent known as “Rihand AEA”—a resin 
caustic soda compound developed by the Test & Re- 
search division is used in most of the mixes to entrap 
3 to 5% air in concrete. 


From April this year, puzzolan to the extent of 
18% of cement is being used as admixture in con- 
crete. Fly-ash from Bokaro power house is received 
in wagons, and transported to a silo of 500 tons capa- 
city near the batching plant. Puzzolan is then elevated 
into the bin of the batching plant by a separate bucket 


elevator. Four 4-cu.yd. mixers have been provided 
to meet the designed hourly rate of 240 cu.yds. of 
concrete. 


The mixed concrete is moved from the batching 
plant to points directly under the cableway in 8 cu.yd. 
and 4 cu.yd. buckets placed on wagons drawn by 
diesel locos on a metre gauge track. The track is 
equipped with signalling. 


CONCRETE PLACEMENT 


One of the awe-inspiring operations at Rihand is 
the concrete placement by the two 20-tons radial 
cableways spanning 3050’ between the masts. These 
cableways permit the simultaneous hoisting and 
hauling of bucket and are powered by D.C. motors 
with Ward Leonard controls for speed regulation. The 
position of the bucket is controlled from a control 
tower located on top of the left bank hill comman- 
ding a full view of the dam site where the operator is 
in direct telephonic communication with the point of 
placement. The tail tower of each cableway is fitted 
with four 40 H.P. motors and travels at a speed of 75 
ft./min. The speed of 100 ft./min. provided by the 
makers proved to be rather high by experience and 
hence was reduced to 75 ft./min. The cableways are 
designed for an average of 12 cycles per hour and 
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with 20 hrs. working, the two cableways can pour 
about 4000 cu.yds. per day. The placement plant also 
includes two 10-ton. (4 cu.yd) cableways re-erected by 
the contractor on this job. These cableways being at 
a lower elevation, mainly concentrate on work on 
power-house and spillway and yarding. The 4 cu.yd 
Blaw-knox buckets are operated by compressed air 
and its opening can be controlled by a regulated 
quantity of air. The 8 cu.yd Garbro buckets have in 
addition a high pressure air cylinder which requires 
filling once in 6 operations. 

Concrete mixes are designed in the laboratories on 
the basis of requirements of strength, slump, max size 
of aggregate. etc., The mass concrete in the hearting of 
the dam has a 28 day strength of 2500 Ibs/sq.in. Con- 
crete in the dam is laid in five feet lifts in 3 layers of 
20” height. The length of steps is such that concrete 
not upto grade remains green before fresh concrete 
is laid on it. The concrete when placed is vibrated by 
two CP 5190, electric immersion type, 2-men vibra- 
tors having 4}” dia needle with 7000 v.p.m. Suffi- 
cient standby vibrators are also provided near the 


points of placement. Pneumatic vibrators are also kept 
handy in case there is power failure. After vibration 
of the pour from a bucket, all loose stones rolling 
down the unconfined edge are placed on top and the 
mass is re-vibrated and stones trampled in by men 
with snow-shoes. To avoid segregation buckets are 
unloaded not higher than 5’. In difficult corners and 
heavily reinforced sections like draft tube floors, 
slabs, columns etc., elephant trunk and flexible rubber 
chutes are fitted to the bottom of buckets. Bleeding 
water is removed by sponges. 

Cantlever steel forms for 5 ft. high lifts are used 
for shuttering. At some locations on the upstream and 
down-stream faces, forms are used with high tensile 
tie-down rods and anchors to provide rigidly and 
ensure precise surface profile The downstream face 
of the spillway and the bucket was being treated ini- 
tially with vacuum process for improving its resis- 
tance to wear resulting from floods passing over it. 
This process was later abandoned as the results were 


(Continued on page 72) 
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Fig. 6—View of Damsite from left bank hill. 
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Power Generation and 
Unit Control at Rihand Power Station 





HE hydrological studies of power potential of 

Rihand River over a period of 50 years indicate 
that firm power to the extent of 1,05,000 kW may be 
continuously available from the reservoir barring 
periods of dry cycles. The frequency of these dry 
cycles is very difficult to forecast but it is anticipated 
that these may occur once in 50 years or so. In such 
a situation steam backing would obviously be a neces- 
sity. All these considerations as also the interconnec- 
tion of the Rihand Power Station to a small power 
potential at Obra 20 miles Cownstream, with the 
neighbouring grids of D.V.C. and Madhya Pradesh 
and the extension of the net-work to the thermal sta- 
tions at Lucknow, Kanpur vis-a-vis interconnection 
with the Sarda Grid have been kept in view in plan- 
ning and designing. 


Though opinions may differ as to the number of 
units that need have been installed for a continuous 
power potential of 1,05,000 kW, but based on the 
experience of similar developments in our country 
and abroad it is anticipated that in years to come 
Rihand Power Station will get connected to a big 
thermal source, the latter acting as the base and the 
former as the peak load station. It will be a combi- 
nation of thermal and hydro power plants that will 
provide opportunity for fullest exploitation of the 
power potential of the Rihand River for the industrial 
development of the State. 


The generation of power from the reservoir will be 
possible between EL. 880 to EL. 773. Keeping in 
view that the Rihand Power Station may be required 
to serve heavy industries as also exchange power with 
Girds 200 to 300 miles away as also provide 
power for railway electrification, the control of 
machines and their operation etc. has been very 
closely co-related to provide continuity of supply 
and restoration in the event of breakdowns within 
minimum time. The importance of aluminium fac- 
tory and railway electrification loads needs no men- 
tion and it may suffice to say that these loads want 
dead continuity of supply and quick automatic resto- 
ration in case of faults. 


CONTROLS 


Briefly the following controls are being provided 
on the machines and other apparatus at this Station: 


{a) Unit control : 


The scheme of control in the machines is briefly 
indicated in sheet No. 1 and is described as follows: 


By LAKSHMAN DEV 


(i) Dewatering and Drainage Control 
The craft tube and the penstock in a power sta- 
tion require casual dewatering while the top cover 
of the Machines may require continuous drainage of 
the leakage water from runner seals and the turbine 
shaft glands. In addition to the above, at Rihand 
Power Station the drainage from the dam galleries is 
also lead to the power house drainage system. 
The following pumps are being provided. 
(a) 3 -— 3000 gallons/unit 
(b) 2 - 300 gallons/unit 
All these pumps, except one located at EL. 684, 
are automatic start/stop at predetermined water- 
levels, through a system of low voltage electrodes 
adjusted for contact with water surface in the sumps 
at various predetermined levels and energise/de-ener- 
gise the operating relays of the pumps. 
The operating voltage of the electrode is 50 volts, 
50 cycle single phase. 


The battery of dewatering pumps provide ample 
Capacity to cope with anticipated drainage from all 
sources, while on the turbine top cover of each 
machine a second pump as standby is provided. In 
addition to automatic control there are local controls 
on each pumps. The starting and stopping of pumps 
is flashed on the turbine guage panel which is cons- 
tantly attended. Further in the event of water level 
continuing to rise to a danger mark for what-so-over 
reason, a system of 50 volt battery operated elec- 
trodes is provided for alarm. In such an eventuality 
the reserve dewatering pump at EL. 684 will be 
brought into service or the standby drainage pump in 
the top cover of the machine will be switched into 
the circuit as the case may be. 


(i) Temperature Control 


The important parts of the unit requiring conti- 
nuous vigil against temperature rise are: 
(a) Turbine guide bearing, 
(b) Generator combined thrust 
and guide bearing, 
(c) The stator and rotor of the 
generating unit, 
(d) Main step-up transformer. 
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The temperature control is exercised through the 
medium of water as a coolant and the measurement 
from time to time with provision for alarm and even 
shut down in case of temperature shooting the pres- 
cribed mark. 

The source of cooling water supply in each case is 
the penstock, but the water is passed through the 
strainers before letting in the apparatus. The outlets 
are discharged direct into the tail race through a non- 
return valve as protection against back-water. The 
turbine guide bearing is in oil bath with water pas- 
sages in the body of the housing. Temperature of the 
inlet and outlet water as also the body temperature 
of the bearing are directly indicated on the turbine 
gauge panel. In the event of the temperature rising a 
predetermined limit, there will be alarm in the tur- 
bine and the contro! rooms followed by automatic 
shut down of the machine. Generator thrust and guide 
bearings are provided with circulating oil pumps for- 
cing oil through a heat exchanger in a closed system. 
One A.C. and one D.C. pumps are provided, the 
former is for continuous operation while the latter is 
for emergency standby and is automatically brought 
into the circuit on failure of the former. Temperature 
measurements of the oil bath, of the thrust and guide 
bearings are directly indicated on turbine gauge 
panel. Thermostats are embedded in the body of the 
thrust and guide pads for this purpose. In the event 
of low oil flow in the circulating system there is an 
alarm in addition to the standby D.C. pump being 
switched in to the circuit. If the trouble continues 
and the temperature of oil and the bearing registers 
a rise then the machine is automatically shut down 
on reaching the set limit. It may be mentioned that 
in the oil flow circuit there is a weir which tends to 
pond up oil in the thrust bearing such that it can 
allow running of the machine for about 15 minutes 
or so without carbonisation. 


The alternator is self-ventilated by fans attached to 
the top and bottom of the rotor. Eight air coolers are 
mounted tangentially on the stator frame at suitable 
points. The fans on the rotor draw air from above 
and below and through the air gap force it in the 
ventilating ducts of the stator frame into the coolers 
in a closed system. The water supply to the coolers is 
through a two-way valve permitting reversal of flow 
as a measure of automatic descaling of the tubes. 
Measurements of temperature is made on the air 
inlet, water inlet and outlet and the body of the 
stator at a number of points. In case of stator, resis- 
tance temperature detectors are embedded at 12 selec- 
ted points evenly distributed on the 3 phases. There 
is provision for alarm on generator air temperature. 
If it continues to register increase to the set limit, the 
machine is automatically shut down and brought to 
rest. 


The temperature of rotor pole faces is not being 
measured and the outlet air temperature is being de- 
pended upon in this connection. 


The main power transformers at Rihand are 
60mVA, oil forced & water cooled. Flow relays on 
the water and oil circuits are provided for automatic 
shut down of the machine in case of low flow. There 
is provision for temperature measurement in the trans- 
former oil and is arranged for initial alarm and subse- 
quent shut down of the unit if the temperature ex- 
ceeds the set limit. It may be mentioned that the 
temperature though measured in oil is arranged to 
indicate the transformer winding temperature. 


There are other parts of the apparatus in the power 
house such as station and unit transformer where only 
local indication of temperature is considered ade- 
quate. 


(iii) Humidity Control 


To prevent condensation in the generator ther- 
mostat controlled heaters are automatically brought 
into circuit. These thermostats are set to maintain the 
generator temperature always above the dew point. 


(iv) Air Compressor system 

A 300 Ibs per sq.” air compressor unit having two 
compressors is provided common for all machines in 
the Station. Any of these compressors can be set to 
operate manually or automatically. Each can be set 
to a different range of pressure. Provision is also made 
for alarm in case of low pressure. This system will 
supply compressed air to the governor oil pressure 
receivers and the generator air brakes. 


(v) Generator Air Brakes 


Compressed air supply from the air receiver is fed 
to a bus through a stop valve, pressure reducer, air 
filter and safety valve. It is led to the air brakes of 
each unit through isolating valve, solenoid operated 
valve and expansion cylinder. Solenoid controls on 
the air circuit of the brakes can be energised manually 
or automatically by master shut down relay. In both 
the cases the circuit is interlocked with the aux. con- 
tact on the 132 kV circuit breaker, auxiliary contact 
in the gate switch and aux. contact on the under vol- 
tage relay. Breaker aux. contact closes when the brea- 
ker is open, guide vane limit contact closes when the 
guide vanes are closed and the under voltage contact 
closes when the speed falls below 50%. Thus the 
breakes cannot be applied unless the machine is dis- 
connected from the busbars, guide vanes are closed 
and the speed of the set is below 50%. Lamp indica- 
tion for ‘Air brakes ON’ is flashed on the turbine 
gauge panel. 


(vi) Governor Oil Pressure Control 


The governor system comprising of actuator, pilot 
servomotor, distributing valve and guide vane servo- 
motor, uses oil at 270/300 p.s.i. as a media of control. 
An oil pressure receiver fed by two oil pressure 
pumps supplies oil to the above system. The 30 h.p. 
motor driven pumps supply the oil from the sump 
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through non-return valve to the oil receiver. The oil 
pressure is by-passed through a valve and opens to 
the sump when the pressure is 300 p.s.i. and closes 
when the pressure is 270 p.s.i. The pumps are to run 
continuously and pump oil to the receiver from 270 
p.s.i. to 300 p.s.i. Out of two pumps one is main and 
the other standby operating automatically by a pres- 
sure relay. Either of these pumps can be selected for 
this purpose. Indication of the running and stopping 
of the pumps is flashed on the T.G. panel. There is 
provision for alarm when the standby pump gets into 
circuit. If the pumps are not able to maintain pres- 
sure then the oil pressure relay initiates alarm fol- 
lowed by shut down of the machine. 


(vii) Active Power Limit Control 

This is accomplished by limiting the maximum 
guide vane opening through a load limiter motor on 
the governor actuator which can be controlled both 
locally and remote from the control desk. 


(viii) Speed Control 


A 1.2 kVA alternator with permanent magnet poles 
is mounted vertically above the main alternator for 
supply to the synchronous motor driving the gover- 
nor pendulum, the tachometers (one on turbine gauge 
panel and other on control desk), the overspeed relay 
and the under voltage relay. 


The synchronous speed of the machine is 150 r.p.m. 
The governor mechanism provides two important 
devices of speed variation : 


(a) Permanent Speed variation, 
(b) Speed Control gear. 


The former in case of Rihand machines permits ad- 
justments between 0-5°% and provides for static speed 
characteristic. The later device permits shifting of the 
above characteristic on the frequency scale by + 5% 
as may be warranted by load conditions. With the 
above two devices, it will be possible to maintain fre- 
quency of the station within close limits of the de- 
clared figure of 50 cycles and also achieve desired 
load sharing between the machines. The permanent 
speed adjustment is not a matter of day to day con- 
trol but is set initially when the unit it put into ser- 
vice. It can however be changed later if need be. The 
speed control is however subject to constant adjust- 
ment according to load directly from the control desk. 


A change in load causes disbalance between elec- 
trical torque of the generator and the mechanical 
torque on the turbine leading to change in speed. 
The disbalance would continue till the latter is 
adjusted to suit the load requirements. 

This involves opening and closing of guide vane 
apparatus by the governor mechanism through a set 
of oil pressure relays. The instantaneous variation in 
speed is minimised by the high inertia constant of 
the unit which in case of Rihand is 4.00. The WR? of 
the machine is 42.79 x10.° Ibs. ft?. The governor 
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mechanism also incorporates return motion gears at 
various stages to promote stable operation of the 
machine i.e., free from hunting as far as possible. The 
other devices associated with the governing of the 
units are: 

(a) Active power control, 

(b) Active power limit control. 


These form part of the actuator mechanism and are 
capable of adjustment according to the operational 
conditions from the control desk. The actuator 
mechanism also includes guide vane position and 
guide vane limit position transmitter for indication 
on the turbine gauge panel and control desk. 

The foregoing controls on the machines permit 
flexible operation under varying conditions of load 
and reservoir level. 


EMERGENCY CLOSURE 


The emergency closure of the turbine by the gover- 
nor can be initiated by manual press of the emer- 
gency buttons on the control desk, turbine gauge panel 
and field suppression cubicle or automatically by the 
generator transformer protective Cevices. In the event 
of underspeed and pendulum drive failure an auto- 
matic emergency closure is brought about by a pres- 
sure relay in the actuator mechanism. 


VORTEX SUPPRESSION IN DRAFT TUBE 


Model tests in the hydraulic laboratory have shown 
the formation of a whirling vortex in the draft tube 
under certain load and head conditions. The sup- 
pression of this vortex in the laboratory was achieved 
by the admission of air through a crosspiece in the 
draft tube below the runner. Similar arrangement is 
being provided at site and the admission of this air 
will be regulated by the governor according to gate 
opening. The suppression of this whirling vortex is 
essential as it may otherwise lead to intensive cavita- 
tion as also vibration in the machine. In addition, 
arrangement is being provided for admission of air 
through the top cover of the machine through air 
sniffing valves in the event of sudden closure of the 
machine. 


INTAKE GATE CONTROL 


The intake gates are oil pressure operated and are 
controlled by means of various pressure relays star- 
ting and stopping push buttons and other switches 
from the intake gate control panel located in 
penstock operating gallery in the dam. The gates 
are designed and interlocked to operate only under 
conditions of equalized pressure of water on both 
sides. That means filling the penstock line before gate 
operation. The gates are held in position by oil pres- 
sure below the piston in the operating cylinder and a 
continuous restoring cycle is maintained by pressure 
relays. Arrangement is also provided for alarm if such 
restoring cycle fails. The emergency closure of the 
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overspeed and overvoltage relays in the power station. 
It is also possible to hold the gate at any position of 
its operation and even reverse the cycle. The indica- 
tion of gate position is flashed on the turbine gauge 
panel, 


A.V.R. AND FIELD SUPPRESSION 


The excitation system on the machine will com- 
prise of control exciter coupled to a high frequency 
motor generator set, main exciter and field suppres- 
sion equipment. The voltage of the machine can be 
controlled both manually and automatically. The 
limits for the later are +10%. Manual control is 
through a motorized rheostat in the main exciter field. 
Automatic voltage control is effected by comparing 
the rectified generator voltage with a reference circuit 
voltage in the control circuit of the voltage regulator 
and the error signal being amplified by means of 


magnetic amplifier, which in turn effects the control . 


exciter boost or buck field. The output of the control 
exciter is fed to the field of the main exciter. The 
voltage regulator is arranged for both parallel running 
and line drop compensation. In case of failure of the 
voltage regulator an auto/manual change over relay 
is provided in conjunction with a follow-up circuit in 
the voltage regulator which ensures that the voltage 
of the machine is maintained to the previously set 
value. The voltage to which the A.V.R. will automa- 


tically regulate can be set from the control desk by 
operating the motorized rheostat in the control cir- 
cuit of the A.V.R. Undervoltage and fuse failure re- 
lays are also provided as protective devices. The 
A.V.R. circuit is also arranged to have control over 
the minimum excitation limit of the machine and does 
not allow the excitation to fall below a precetermined 
level which will make the operation instable. 


SYNCHRONOUS CONDENSER OPERATION 


With a view to work the 55 mVA Rihand genera- 
tors as synchronous condensor in an interconnected 
grid system at some future date provision is being 
made for such an operation being possible. It would 
require suppression of the water in the draft tube and 
a system of alarm in this connection. The necessary 
embedments in the foundations as also provision of 
space for mounting of the necessary equipments has 
been made. 

The above is a brief outline of the controls that 
are being provided at the machines at Rihand Power 
Station. It is hoped that the above will ensure conti- 
nuous power generation as also full safety of the 
machines in various operating conditions. With a judi- 
cious distribution of load as the hydraulic conditions 
may require from time to time the five machines at 
Rihand Power Station are expected to generate 919.8 
million units per year. 





(Continued from page 68) 


THE RIHAND DAM RISES 


inconsistent and the water extraction 


uniform. 


was non- 


PROGRAMME AND PROGRESS 


Despite delays, the Rihand Dam construction is on 
schedule. The Suez canal closure towards end of 1956 
delayed the arrival of some component parts of the 
batching plant and cableways and commencement of 
concreting operations had to be postponed by a few 
months. The work also received a serious set back 
when the river brought unexpected floo:s in Febuary 
1958, flooding the entire area of power house and 
spillway. The concractor, however, braced up to face 
the situation and closure of work did not last for 
more than 12 days. 


With the first bucket placed on April 5, 1957, the 
concreting operations continued till end of August by 
two 10-ton cableways only. During the season the 
crushing, batching and mixing and other plant passed 
through an initial shakedown reriod and the system 
was harmonised. Nearly 41,000 cu.yds. were poured 
by the close of the season. 

The concreting work recommenced in October 
1957, with one 20 ton cableway coming into ope- 
ration. The second 20 ton cableway was commis- 


sioned in January 1958 and the daily progress step- 
ped up to 2600 cu.yds. The maximum pour in a month 
was 65,000 cu.yds. The total concrete at the close of 
season in October was 6,05,000 cu.yds. A short break 
of 3 weeks was taken in October 1958, for routine 
check up and maintenance on the plant. The construc- 
tion schedule for the next two seasons was keyed to 
the requirement of storing waters of 1960 run-off 
behind the dam upto R.L. 820. The tempo of work 
had therefore, to be accentuated. The concreting work 
was resumed toward end of October 1958. The pro- 
gress stepped up both on the dam and power house. 
The daily concrete averaged about 3500 yds. The 
max. concrete pour in a shift of 8 hrs. was 2128 cu.yds 
The max. concrete during the month of March 
1959 was 1,00,000 cu.yds. The plant was shut-down 
from middle of September for annual maintenance. 
The total concrete at the time of writing is 1.52 mil- 
lion cu.ycs. 

The Power house structure was ready for the erec- 
tion of the gantry cranes towards the end of April. 
The draft tube liners are already in place. The scroll 
casing of the first unit is also installed. The erection 
of scrolls of the next two units is in hand. The steel 
work of the power house structure is also nearly 


finished. The work in the power house is now in full 
swing. 














Power House Design 








IHAND Dam is primarily a power project. The 

water stored in the reservoir formed as a result 
of the construction of the dam will be utilised for 
production of power, by building a powerhouse at 
the toe of the dam. 


GENERAL DESCRIPTION OF THE 
POWERHOUSE 


The powerhouse will have an ultimate installed 
capacity of 3,00,000 kW., but only five units of 50,000 
kW. each are being installed at present and space is 
being left for future installation of sixth machine of 
the same capacity. The turbines will be of Francis 
type coupled with the usual vertical shaft alternators. 
Water will be carried to the turbines through six 
separate penstocks of 16 ft. diameter each embedded 
in six blocks Nos. 29 to 33 of the dam. 


The powerhouse building will consist of six unit 
bays and a service and erection bay. Each of the bays 
will be 60 ft. long. These will be located at the toe of 
blocks 27 to 33 of the dam on the right bank of the 
river. Each bay will be structurally independent of 
the adjacent bays and has been separated from each 
other by the provision of contraction joints upto the 
level of the draft tube, where the daily or seasonal 
variations of temperature will be very small, and by 
one inch expansion joints above the draft tube where 
temperature variation will be quite appreciable. These 
One inch expansion joints extend throughout the 
superstructure upto the roof level and would also pre- 
vent the transmission of vibration of one machine to 
the other. The powerhouse will also be separated 
from the dam by a similar one inch joint so that the 
deflection of the dam blocks may not affect the 
powerhouse. Expansion joints have also been provi- 
ded on the penstocks near the points where they cross 
the expansion joint between the dam and the power- 
house. 

The powerhouse will have two floors. The turbine 
floor will be at EL. 650.00 and the generator floor at 
El]. 663.00. At these very elevations, some longitudi- 
nal galleries have been located between the dam, and 
the powerhouse. One of the galleries at EL. 650.00 will 
serve as the cable gallery while the other gallery will 
serve as a passage. The galleries at El. 663.00 will 
house the unit boards and other panels as well as 
some stores. Galleries have also been provided at 
El. 622.00 and 602, the former mainly for the ins- 
pection of draft tubes and expansion joints of the 
penstocks and the latter for dewatering the draft tube. 
The service and erection bay will have three floors, 
one at EL. 650.00 which will house oil and other stores 
and oil purification equipments, the second at El. 
663.00 which will house a workshop and the third at 


By M. P. TYAGI 


El. 683.00 which will serve as the erection floor for 
the machines. The power station will be served by 
two electric overhead travelling cranes each having a 
lifting capacity of 90 tons. 

The contro] building is located at the toe of the 
dam adjacent to the powerhouse as a_ separate 
block. This will be having three floors, the lowermost 
floor at El. 673.00 will be a basement floor for the 
cables. The intermediate floor at El. 684.00 will be 
the main control room. The topmost floor at El. 
699.62 will form the offices etc. The switchyard has 
been located outside and in front of the control buil- 
ding. 

Figs. | and 2 give the cross-section and plan of 
the powerstation. 


DESIGN FEATURES AND DETAILS 
OF THE POWER HOUSE 


The general design features and details of the 
various component parts of the powerhouse structure 
and its appurtenances are discussed briefly in the fol- 
lowing paragraphs. 


(a) Draft Tubes and Tail Race: 


The draft tubes are of the elbow type. The vertical 
centre line of the draft tubes is at chainage 218 ft. 
from the dam axis whilst the exit ends are at chai- 
nage 273 ft. The velocity at inlet of the draft tube 
would be about 27 ft. per second and would reduce 
to about 54 ft. per second at the exit end. The draft 
tubes are lined by steel liners upto a point where the 
velocity gets reduced to 15.75 ft. per second. The liner 
is of electrically welded construction and is made up 
of }” thick steel plates. Thirty two holes were provi- 
ded in the bottom of the liner at 3 ft. centres for mor- 
tar grouting under the liner, after embedment in con- 
crete, so as to ensure the perfect contact of liner with 
concrete. Each draft tube has been divided into two 
parts after the bend by means of an intermediate 
pier. The noses of these piers are also lined by steel 
liners. The shape of draft tubes is shown in Fig. 3. 


A longitudinal gallery running near the foundations 
of the powerhouse upstream of the draft tubes and 
sloping from elevation 602.5 to 601.5 will serve as 
drainage gallery for dewatering the draft tubes. All 
the draft tubes are connected to this gallery by means 
of 12 inch diameter pipes with valves which can be 
operated from the gallery at elevation 622.00. Com- 
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pressed air connections have been provided in these 
12” dia. pipes to help in washing out silt from them. 
The dewatering gallery will conduct water to a sump 
situated in the erection bay with its bottom at eleva- 
tion 599.5. Two dewatering pumps of 3200 gallons per 
minute capacity have been provided in this sump. The 
pumps are automatic and will start working one after 
the other when the level of the water in the sump 
rises above predetermined elevations. All seepage 
drains from the powerhouse and the dam are also 
conducted to this dewatering gallery and two addi- 
tional small pumps of 430 gallons per minute capa- 
city have been provided in the sump to pump out 
the small quantity of seepage water. These pumps 
have also been arranged to work automatically at 
lower levels of water in the sump, whilst the bigger 
pumps will operate only when the draft tubes have 
to be dewatered. The motors for these pumps have 
been located at elevation 650.00. 


All these pumps discharge into a common 2 ft. 
dia. discharge pipe which lets out the water into the 
tail race at El. 634.00. Non-return valves have been 
provided on all pumps to prevent any possible back 
flow of water from the tail race during floods. 


Another sump has been provided in the spillway 
retaining wall which has its top at elevation 683.00. 
The draft tube dewatering gallery extends into this 
sump. A third pump with a capacity of 3200 gallons 
per minute has been installed in this sump as a stand- 
by for emergencies. This pump will be manually 
operated and its motor will be located at elevation 
683.00 which is above the highest flood level. 


The exit ends of the draft tubes could be closed by 
means of gates which are handled by a gantry crane 
travelling on the downstream deck of the powerhouse 
at elevation 663.00. Two gates will close the two 
openings of one draft tube. Each opening is 
20’ x 15’-2”. Each gate will weigh about 13 tons. The 
gantry will have a lifting capacity of 20 tons. The 
gates will be lifted under balanced head of water, and 
a filling line has been provided for the purpose. 
Dewatering of penstock will also be done through this 
filling line which can conduct water from the pen- 
stock to the draft tube. Three sets of gates are pro- 
posed to be provided so that three units could be 
kept dewatered at one time during the period of 
construction. A manhole has been provided in the 
draft tube liner on the downstream side which is 
approachable from the downstream gallery at eleva- 
tion 622. This manhole would serve as an access into 
the draft tube for inspection and repairs. 


The intensities of load at various points of the 
draft tube slab have been determined by assuming 
dispersion of superimposed loads at 45° in all direc- 
tions from its point of application. The draft tube 
top below elevation 622.00 has been designed as a 
slab to carry the aggregate loads as computed. In the 
lined portion, the side walls of the draft tube are 
comparatively more massive and, therefore, the top 


slab has been designed as fixed to these sides, while 
in the unlined portion, the side walls, the intermediate 
pier and the top slab have been taken to constitute a 
bent and alternatively a box with the bottom slab. The 
part of the top slab just upstream of the intermediate 
pier is restrained from deflection by the intermediate 
pier which fact has been taken into account in the 
design of the slab. The intermediate pier is more 
heavily loaded than the end walls and their differen- 
tial deformations have also been taken into account 
in the Cesign of the draft tube. 


Various alternatives of making the draft tube bot- 
tom slab separate from sides were studied but ulti- 
mately from certain practical considerations it was 
decided to make it monolithic with sides, and the 
bottom slab has been designed accordingly as a com- 
posite part of the draft tube. 


The bottom of the draft tube at exit end is at 
El. 608.00 and a slope of | in 5 connects it with the 
normal river bed level which is at Elevation 624.50. 

The divide walls in between the adjacent draft 
tubes will be extended to provide a regulator about 
85 ft. downstream of the exit ends of draft tubes with 
sill at elevation 624.50 and top at El. 638.00. This 
regulator will ensure a minimum tail water level to 
prevent cavitation during the early stages of develop- 
ment of load. This regulator will also make it pos- 
sible to dewater any draft tube in the event of a draft 
tube gate getting stuck up due to collection of silt etc., 
in the gate grooves. The regulator will have four 
additional piers in between the adjacent divide walls 
so that clear span of each bay of the regulator is 9 
feet only. Double grooves will be provided in each 
pier and divide walls for two sets of planks. A gang- 
way slab will also be provided over the piers. During 
floods when tail race level is higher than elevation 
638.00, the regulator will remain submerged under 
water, 


(b) Scroll Casing, Speedring and Turbine Pit : 


On account of high head involved, a steel scroll 
case has been provided which has been designed to 
be strong enough to take the full water pressure. It 
is, however, not supposed to support the weight of 
surrounding concrete and other superimposed loads. 
The concrete round the spiral has, therefore, been 
designed independently and the loads coming on the 
beam round the scroll casing have been calculated 
in the same way as for the draft tube. Water pressure 
during floods from the downstream side has also been 
considered in the design of concrete beam. Concrete 
round the spiral casing has not been designed to with- 
stand any water pressure and a suitable mastic filler 
has been placed in between the scroll casing and the 
concrete so that only a little force, if at all, due to the 
water pressure inside the scroll case is transmitted to 
the concrete. The filler will also ensure that dead 
weight of concrete and machines is not transmitted to 
the scroll case liner, 
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The penstocks are of 16 feet internal diameter 
which is reduced to 15’3 13/16” by a taper piece con- 
necting it to the scroll case. Various tappings for 
cooling water, pressure gauge and flowmeters are 
located in this taper piece and a manhole has also 
been provided in it to give entry into the scroll case 
and penstocks for inspection and repairs. The scroll 
case is of welded construction with plate thickness 
varying from 1}” to }”. 

The speed ring weighs over 50 tons and has twelve 
guide vanes round its circumference. The speed ring 
and scroll casing will be supported during erection 
on twelve concrete piers. After the scroll casing has 
been erected in place, but before connecting it on to 
the taper piece, it will be subjected to a hydraulic 
pressure test of 190 Ibs./sq.inch. 


The turbine pit liner above the speedring consists 
of 3” thick plate extending upto elevation 650.50. 
Access to the turbine pit is obtained by means of a 
stair from the turbine floor at El. 650.00. 


(c) Generator Supports : 


The generators and turbines will be supported on 
the concrete around the turbine pit, and no steel sup- 
ports have been provided. The concrete around the 
turbine pit is being suitably reinforced to take the 
short circuit torque of the machine, which is equi- 
valent to a 500 tons peripheral load, as well as the 
vertical load and impact. The vertical load of the tur- 
bine and generator amounts to 560 tons. 


(d) Superstructure : 


It has been found economical to locate the gene- 
rator floor 17 ft. below the maximum possible tail 
water elevation of 680.00. The downstream wall of 
the power house will thus have to retain water upto 
this elevation. To expedite construction, it has been 
decided to provide steel columns for the powerhouse 
superstructure and for supporting the gantries for 90 
ton cranes. The columns, the cross beams and truss 
have all been designed as welded steel structures so 
as to economise on steel and cost. If the downstream 
wall and columns were mace monolithic, the columns 
would have to bear the water pressure from the tail 
race and would have been very heavy and unecono- 
mical. The downstream wall upto El. 683.00 has, 
therefore, been separated from the columns and has 
been designed as a cantilever from the concrete below 
elevation 650.00. Suitable water stops have been pro- 
vided in the joints between the downstream wall and 
columns to prevent entry of water from the tail race 
into the powerhouse. The columns have their founda- 
tions at elevation 650.00 except one column coming 
Over penstock opening which starts at elevation 
663.00. Each unit bay has four columns on the up- 
stream and four columns on the downstream side, 
connected together across the powerhouse at their 
tops by roof trusses. The roof trusses are pin join- 
ted to the columns. Longitudinal cross beams con- 
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nect the columns at elevations 684.00, 702.42 and 
718.06 both on the upstream and the downstream 
sides. A column on the upstream with corres- 
ponding column on the downstream, together 
with the roof truss constitute a transverse frame. In 
the longitudinal direction the four columns of one 
side together with the three cross beams constitute 
a rigid frame work. The design of columns and beams 
has been worked out accordingly. In the erection bay 
the steel columns have their foundations at elevation 
683.00 and, therefore, the cross beam at elevation 
684 has been omitted. 


The walls above elevation 683.00 have been 
designed as panel walls supported from column beam 
frame work. The whole superstructure has been 
designed to be safe for seismic acceleration of g/10. 


The gantry girder is also a welded steel plate 
girder and carries the crane rail for the two 90 ton 
electric overhead travelling cranes. Apart from the 
main hook each crane has an auxiliary hook of 25 
tons lifting capacity. Both the cranes are provided 
with limiting switches and thrust operated brakes 
both for cross travel as well as longitudinal travel 
to prevent the trolly or the crane from striking at 
ends. Accesses to the cranes are provided from the 
two end walls of the powerhouse. 


(ce) Roof: 


The powerhouse roof has been supported on wel- 
ded steel trusses. The trusses carry the purlins over 
which precast reinforced concrete slabs have been 
laid. The roof will be rendered water-proof by laying 
a 3 ply membrane of Tarfelt finished with gravel on 
top. The roof slopes from the centre towards the up- 
Stream and the downstream sides and downpipes 
have been provided for rain water in the upstream 
and downstream walls. 


(f) Erection Bay : 


The erection bay is situated at the east end of the 
power house. The main erection floor is at El. 683.00 
which is also approximately the general ground level 
as well as the level of approach road leading to the 
power house. The erection bay consists of mass con- 
crete upto elevation 650.00 which forms the lower- 
most floor. The second floor is at elevation 663.00. 
Reinforced concrete beams and slabs have been used 
for the floor at elevation 663.00, but due to heavier 
loads on the main erection floor at elevation 683.00 
steel beams and R.C.C. slabs have been used for this 
floor. Heaviest single piece of equipment would be 
the rotor which will weigh 165 tons and, therefore, 
two rotor erection pedestals rising from solid con- 
crete at elevation 650.00 have been provided so that 
work can be carried on two rotors at a time. The 
60 mVA 11/132 k.V. step up transformers which 
have been located on the deck upstream of the 
powerhouse will be brought on a trailor up to the 
erection bay, where they will be unloaded by cranes 
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and put on the rail tracks provided in the erection 
bay floor for the purpose. Untanking space for the 
transformers has been provided in unit No. 1 as 
sufficient head room is not available in the erection 
bay. 


(g) Control Blocks : 


Control building is situated at the south-east corner 
of the erection bay as shown in the plan (fig. 2). The 
basement floor of the building at El. 673.00 will 
serve as cable floor and will receive all the incoming 
cables from the powerhouse through a cable gallery 
which is located at elevation 650.00 upstream of the 
powerhouse and then slopes upto elevation 673.00 
along the erection bay. A cable tunnel at the north- 
east corner of the basement floor will carry cables to 
the switchyard. 

The ground floor of the control building which will 
house the main control equipment is at elevation 
684.00. The battery room, the 11 k.V. switchgear 
room and service board room are also located on this 
floor. Space has also been provided in the control 
room for panels which may be required for future 
developments. 


The first floor of the control building which will 
provide office accommodation is at elevation 699.62. 
Air-conditioning equipment and carrier communica- 
cation equipment will also be located on this floor. 


The control building with all its floors has been 
designed as reinforced concrete beam and slab struc- 
ture, safe for a seismic acceleration of g/10. The roof 
of the control building has also been provided with 
water-proof membranes similar to the powerhouse 
roof. The northwest corner of the control buil- 
ding has a vertical access shaft housing an electric 
lift and a stair case. The powerhouse floors and gal- 
leries are also accessible from this shaft and elevator 
landings at various floor levels are connected by 
galleriés to the main powerhouse floors. 


(h) Joints and Waterstops : 


As previously stated all the unit bays and the erec- 
tion bay are separated by means of joints. These 
joints are made water-tight by a system of water- 
stops. In joints which are likely to be submerged 
under water an asphalt seal has also been placed. 
Tubes will be embedded in this seal through which 
steam can be passed for heating the asphalt. A 
formed drain has been provided to collect any lea- 
kage, if at all. 

Control building is situated on three dam blocks 
which are separated by contraction joints. These 
joints continue into the superstructure of the control 
building and waterstops have been provided to pre- 
vent seepage of water into the building. 


(i) Ventilation and Air Conditioning : 
The use to which various spaces will be put, their 


locations, occupancy and probable dampness were 
some of the factors kept in view while designing the 
ventilation system of powerhouse. The generator 
room will be ventilated by means of seven exhaust 
fans to be installed in the upstream wall near the 
roof, one in each bay. The turbine floor and the 
lower galleries have been provided with forced inlet 
ventilation so that air there may not become stag- 
nant or damp. Air is forced through ducts into the 
turbine floor and also into the gallery at elevation 
622.00. Air can also be forced into draft tube dewa- 
tering gallery when required. The air after circulation 
will return to the generator floor through the various 
Openings in the floors and then exhausted out by the 
exhaust fans. The air thus gets fully circulated. 


The oil storage and oil purification rooms at El. 
650.00 below erection bay are provided with a sepa- 
rate system of ventilation as part of fire protection 
system. Duct from these rooms is taken separately to 
atmosphere and an exhaust fan is provided for neces- 
sary ventilation. 

The two upper floors of the control building will 
be air-conditioned. Sufficient openable windows have 
also been provided for natural ventilation, if required. 


(j) Sixth Unit : 


As mentioned at the beginning of this article only 
five units will be installed at present. It was first pro- 
posed to erect the draft tube liner for unit number 
six also but subsequently it was decided that to allow 
greater flexibility for the future suppliers of this 
machine, only the downstream unlined part of the 
draft tube be constructed. Thus a full blockout upto 
rock level was left for the draft tube liner, speed ring, 
scroll casing and the machine itself. This makes the 
design of this unit below elevation 650.00 different 
from the other units. The concrete on downstream 
side of the blockout will have to retain water upto 
elevation 680.00 during maximum flood and the 
structural design of sixth unit had to suit this condi- 
tion. 


(k) Architectural Treatment : 


While utility and economy have been the governing 
features of the powerhouse design, the architectural 
aspect is being kept in view for fixing details. Due 
consideration is being given to the appearance of 
the powerhouse and control building. The architec- 
ture is proposed to be simple and forthright and to 
fit in with the surroundings. The powerhouse is situa- 
ted at the toe of dam blocks. For similarity of ap- 
pearance no special finish is proposed to be given 
on the outside surfaces of the powerhouse and con- 
trol building. High dam being situated very near on 
the upstream side, the main faces of the power house 
and control building, from appearance point of view, 
are the downstream and the east faces. The length 
of the powerhouse building is considerably more than 
its height, further the building is dwarfed by the dam 


























43325 27v2S 
Ot Ss 0 


LIN 4 















































¢ 97 





































































































































































fe-- — — — ~ —— — #0 ,96 -------- =e" —— as 
~~ BOW 4204B ad Ck SUlor warsuodraz 
—Ee! ary - r i‘ 
Cr oT ° aes tes 2 * M-og esos 
t50-°, 2 a ae eS 0 osase 7 
e. =a s . - - i - : a Oe 7 1 
; 9 9-8 o-v! are . R. ‘ SNId u 
- \ |] ome 2sen smd 2071 seag-¥ Ps " hod: oe 
, — - --FERs-t!-- +9 - eS 
: =< © gt . ! SS Poa — ero €-en e aig 40140114 ¥8A 
fon At oe SPA a Pes semeeeremaa 
WN ' ” ped ‘a Ve aay is { ' a So x a) 
me: Pad ? arr = 
cs = g% Odd Busanjoraap yr0ys bag hs | a 
Wess) | f"s oy — + ---]-— -b- ATE 
“fs c¢ ie! el add wale /\- = 
ad) Aas aaa = 
j id ¢ - P q, --] © =} | 
Bus Nijews 05-s¢ iResen a 1 
. t « é vf Pr 19 : 
“ff. ‘. 3 ie ce, Yo «1 in 
b-¢ 9e-c | I~ 0 7-09 en Se i 
Sun go buhof| sonness-l4, =  gpeyuoms 6hunes4o2| 22210 biusdey i a | iF e 
P i % Ps -. My 4259 S651 
‘ : t bo e “ ; & a oA wtf # 
syn so 595) =f ay orofe%t ‘ : TY, es eee Se . | lee 
24 0@- £99 177 S404S—1~[f | \ rit” 
ing ey i : syoyuow sso sous o4 SS 39% - iH 
TOO oe A f=; Pat 5, P.-e | x. ih 
ks Ml Meard to frseeay =~ ——+ — eS Bcc 
t 2 | CAyuo el giunusguaw. | ‘ 
200-509. “pe | a], | -nby-%OD 40y 22005 | fel 6-4 = 
nO hoe [7 peeor =: - » 
> 4 0 ore —— - =" - 
f he -|—- — —- - £ mI mapas -08-—------ ] 
be — E37 = da are ' oe ‘ Wes a 
i Er r 
2 PI: \* PS SLINA 34 if ooh yoy —— ' | 
Her fF iP odd 14 
le 3 = it Lachpeerntsete--of-or ot i | 
014 F [* i$ & as. 
P H 8 : ge ‘ i 
Fen fr 4eursoysucss, % | ' 
‘——— — — —— “9 4-,S¢—-——-—--» 
stipe pe o- 9g 6-08 - -- ~--~-—--- pl 
( 
S ' 
lp FSA JO0T JO Ws jog : 
mo I 
2 pl 
s..~ = x... , ery 
aris: ch See #0 Wo .o- rv) ----—=+ wesc 
SPRL TS ? Se --- --—-_-_— 19-99 —— — — —-—— —-- — mf 








Sarg «ohnbbry, 





00-€89 “77 


--- wopyo 
9904.S/7 




















ATE 


00-229 LY NV Id 


40a , +AyvIs 


00 OS9LV NW Id 60-599 1VNV Id d0f09 LV NV el 


Meee = — 40765 --- ~- - a4 























T 


o3.° ‘oHte comme}: 13 


A oe ag —-— 


1240 94090) Y240H, GX rk 
Acie 


























-——=— 
es 





kd mre 


ad 








_ 
“5 


— a a 





ann rr Fa dye —t 





eptingper sara 



































‘ 
¥ 
% 
1 
3. 
i 
oe: 
é 
i 




















<—-,0;,09 ---— 





; . ee 
aoe e040 20 4,2) Pah gf. + 
a wg ¥, “\ ‘ iy yA oe 

iteaagh ghey | 

' oD « -) 
g N°, . re 

oe ON aa 

‘ | ace eo 

Snares | 0,81 

by 

a 

As — ae 

SEE EP Gea 

eapsuag 9094S 

oa 

-@,° 

at os. 1 cian - 





























I 
| 
: 7 
‘ “se s/f auDsg E9:% - 
' , Gi 
° x = ; 
~~ 
--90809 17 
AVG NOILIFYI--° * 
em wen -=— 0309 —---—- me 
——— =| ¥._. Curppng 7 
H 
w 
® 
| O 
iN 








i 




















j-==,0,09- -- == 




















3- = 
AHop 10)42D44U0 _— wes ae 








77 gOf UOi4ZOsjuod 
e"@ 








: A 400g 85849 
| 00-489 yo 
“er eaten «er 
o @ 
WOOM T0W4NOD = |* 
ae 5t 
{ Pe rd 
poses 4.175409 
mg Be ae tert ees PETS a 
wee Fe a= ew, aT 
ad 
“Se ee y 


*: gurer u0142@4gMO> - 


ase aa 




















































s © 
to 
3 3 
x .- 
a % 
<| 4 @ 
s uw 8 
Ss 
SPs < 
3 8 
w © 
Q Ig 
er 
4 iq 
? 
1| 3 
"or 2" ae seer eee + 
pone w0;1G—-—— ree i 4 
n= ++ Shit == Sopot — ees -—-- } 
i £9 
Tt © 
---- - o-or- Eeoaere-| — —% 9° OI. — t 
iene ~2 
&e- PY go } 
~—- -46-9/ —->s sa ee a dl 
\ “e 
---fe-gi-— - -!- 07. 9/- $ 
. | e2- er) ‘ j 
! 


| 
“ - 
| 
| 


‘ 


== £6- 


| 


| 
: 
| 
v 
» TURBINE 
pone 
| 
1 ae 








s 
x) 
z 











e- ----%-91- _—- 


£4. 633-50_ 





V. 8. Bienngi, 


~< BASE LINE OF DAM280-- 
























¢ Turbine .-.---"" 





‘ 

1S! Stage concrete 

IS? Slage Conmtrete (ic be 
peured arrer erecron of Co 
mns 


Oem concrete 


as 















Contraction joint , 
= “4 
re 4 
> "eee ‘° FO 
® ° A... 
; ree 
°° 
A) 











Gnd of zere 


.--Contraction Sent 


“\-4 DT Liner 


~oo" 











Fe - K 
my “<2 OF Unit block 











Q 
1: Distance 














Contraction yout ~" 


TYPICAL PLAN SHOWING ZERO STAGE CONCRETE 
FIG. 4 


Ea pansion yoint-. 


vate 


oer wee sesy 


TYPICAL PLAN SHOWING FIRST STAGE C ONCRE TE 


FIG. §& 





























RIHAND PROJECT NUMBER—JANUARY, 1960 


in the background hence it was considered desirable 
to give a vertical treatment on the downstream face. 
The superstructure columns at the unit joints have 
been suitably projected out to give the desired effect. 
Similar projections though not so marked are pro- 
vided on the downstream face of control building. 


The internal finishes also follow the same require- 
ments of utility and economy. All galleries below 
elevation 650.00 in powerhouse, the floors at eleva- 
tion 650.00 and 663.00 uncer erection bay and 
the basement floor of control building are finished in 
concrete. The turbine and generator floors of power 
house and top floor of erection bay are proposed to 
be finished with coloured cement. The main floors of 
control building are proposed to be finished in 
mosaic, and a false ceiling will also be provided. The 
space above the false ceiling will be utilised for air 
conditioning ducts. 


STAGES OF CONSTRUCTION 


(a) Zero Stage Concrete : 


This consisted of certain preliminary concreting 
which may act as anchoring and supporting concrete 
for the draft tube liner. Fig. 4 gives a plan of the 
zero stage concrete. The draft tube liner rests on sup- 
ports raised from the bottom and is also held in posi- 
tion by anchors from the bottom slab and sides. 
This facilitated accurate positioning and levelling of 
the liner. 


(b) First stage Concrete : 


After erection of the draft tube liner in place the 
first stage concrete was poured. Figure 5 shows the 
first stage concrete in place. As seen from it this con- 
sisted of the completion of draft tube, raising the 
concrete at sides to elevation varying from 645.00 to 
647.50 according to requirement and completing the 
superstructure. A blockout was left for the speed 
ring and the scroll casing. With this arrangement the 
powerhouse cranes were available for the erection of 
speed ring and scroll casing, thus expediting and 
facilitating the work. Concrete piers were construc- 
ted for supporting the speed ring and scroll casing 
till second stage concrete was poured. 


The first stage concrete was checked and suitably 
designed for all loads and forces likely to come over 
it during the construction period when the speed ring 
and scroll casing are being erected. 

(c) Second stage Concrete : 

This consists of the concrete around the speed ring, 
scroll casing and all other remaining powerhouse 
concrete right upto the generator floor level. 


OTHER CONSTRUCTION DETAILS 


Work on powerhouse concreting was started after 
the monsoons of 1957 when zero stage concrete for 
the five bays was laid. The draft tube liners were then 
erected. To save time the draft tube liners, each 
weighing about 13 tons, were assembled by means of 
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a mobile crane in an assembly area outside during 
the period that the zero stage concrete was being laid. 
Assembled liners were then lifted by means of the 
cableway and put on the previously prepared foun- 
dations. This saved a lot of erection time. The next 
stage was to embed the liners, and lay the first stage 
concrete as described above as also to complete the 
erection bay. After completing this stage speed ring 
and scroll casing were erected, and second stage con- 
crete is being laid at present. This is expected to be 
completed shortly for the first unit and erection of 
machines will then be started. 

To work upto the above tight schedule it was 
necessary to carry on the work on the powerhouse 
throughout the year i.e. even during the monsoons 
when the river was in flood. To achieve this a coffer 
dam with top at elevation 683.00 was constructed to 
enclose the powerhouse area prior to monsoons of 
1958. The intake blocks of the dam were also raised 
sufficiently to act as a coffer dam from the upstream 


* side. This enabled the work to be carried on during 


the monsoons. 





(Continued from page 93) 


POWER LINE CARRIER COMMUNICATION SYSTEM 
FOR RIHAND GRID 


band pass directional filters no. 4 and 5. When Faiza- 
bad is called the H.F. band finds a direct path to the 
Sohwal-Faizabad line section through the directional 
filters. 

The adopted double side band carrier telephone 
equipment requires two frequency bands of 5 kc/s 
width each for the go and return channels. Thus 15 
pairs of carrier frequencies are available for double 
side band carrier. telephone equipment within the 
range of 150-300 kc/s which will be ample for future 
extension. 

Although some overall economy could be affected 
by the use of super-imposed channels technique for 
elemetering purposes yet it has not been favoured 
on account of its restricted extension facility. In the 
case of telemetering system employed there is great 
scope for addition of more channels. 

Rotary convertors operated from 110V or 220V sta- 
tion batteries have been provided to serve in the case 
of mains failure. The capacity of the batteries will be 
enough to supply the rotary convertors for two to 
three hours. Switching over from mains to rotary 
convertors will be automatic. The short starting period 
of rotary convertors is bridged over by means of 
condenser batteries. 

As mentioned earlier the protection equipment in 
the fixed frequency districts works in conjunction 
with the carrier telephone cabinets in the telephone 
band itself, therefore, in case of short operating time 
of in-band frequency shift carrier protection equip- 
ment the telephone circuits will be temporarily switched 
off. Normally the operation time will be less than 
50 to 100 milli-seconds. 
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Hydraulic Turbines 


for Rihand Power Station 





HE power station, situated at the foot of the dam 

on the Rihand River, has been arranged to 
accommodate six hydro-electric sets. The present 
development includes the installation of five sets. The 
alternators and the turbines of each set are designed 
and manufactured by the English Electric Co. Ltd. 
Installation of the sixth machine will be the subject 
of a later development. 


The turbines, which are of the vertical reaction 
type run at 150 R.P.M. and each develops 70,000 
H.P. at 199 ft. head and up to 77,000 B.H.P. 
at heads above 224 ft. The design of the machine 
generally follows the English Electric Company’s 
established practice for a medium head Francis tur- 
bine and includes a number of interesting fea- 
tures. Fig. 1 shows the general arrangement of the 
machine. It will be noticed that extensive use has 
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been made of electric welding, all the main structural 
members being of fabricated construction. Many of 
the major components of the machine were model 
tested in the Company’s laboratories and in particular 
the runner was subjected to extensive model tests. 

We propose to give a short description of some of 
the major components and briefly describe the tests 
carried out on them. 


RUNNERS 
Model Tests 
Tests were carried out in the Company’s hydraulic 
laboratories at Rugby to investigate the complete 





Fig. 1—Sectional Assembly of Turbine. 
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range of operation of the full size machines. A total 
of eight test berths are available and two of these 
were used for the Rihand runners. 

The cesign of the runners followed the usual pro- 
cedure. A model is made from the design drawings 
and tests are carried out to check its performance. 
During these performance tests the runner is set re- 
lative to the tailrace level in such a way that no 
chance of cavitation in the runner passage exists. 

Modifications to the runners are then made and 
the model re-tested until the performance meets the 
specified requirements. 

Once a satisfactory model has been achieved, it is 
put in the cavitation test berth where absolute pres- 
sure in runner passages can be reduced to check that 
over the complete operation range no danger from 
cavitation exists. Sometimes modifications to the 
blade form are necessary to achieve this. These modi- 
fications are then made and if at all extensive the 
model is again checked for performance. Experience 
gained from previous tests is of course of the greatest 
help in reducing this trial and error procecure to a 
minimum. 


(a) Performance tests. The test berth used is shown 
in fig. 2. The water is re-circulated, being pumped 





Fig. 2—-Performance Test Berth in the Hydraulic 


Laboratory at Rugby. 


from a sump tank, passed through the model and re- 
turned to the sump tank after passing over a weir in 
the tailrace. A 22” dia. model runner was used and 
this developed about 25 H.P. under the 14 ft. test 
head. 

The discharge from the model is carried through a 
long rectangular tailrace channel fitted with screens 
to eliminate turbulence and led to a standard rectan- 
gular weir to measure the discharge. The head of 
water above the two metre wide weir crest is mea- 
sured by a float which operates a scale whose magni- 


fied image is projected on to a screen for easy and 
accurate reading. By using these readings and the 
standard weir coefficients the discharge can be 
computed. 


The head on the machine is transmitted from the 
measuring point using two transducers relaying an 
air pressure exactly equal to the submergence of two 
probes situated in open chambers. One chamber is 
connected to a ring of static tappings on the pen- 
stock and the other to a transverse pipe across the 
tailrace channel. The air pressure lines are connected 
to a differential water manometer fitted with a float 
Operated moving scale. An optical device projects 
the magnified image of the scale on to a screen for 
easy and accurate reading. 

The turbine speed is measured by an electronic 
counter, triggered every 1/10 revolution and timed 
by a crystal maintained oscillator operating a syn- 
chronous clock with one minute contacts. 

The turbine torque is measured by an automatic 
Prony dynamometer which absorbs the turbine out- 
put. This Prony brake operates on a 3ft. brake drum 
and is clearly seen in fig. 2. Friction due to the 
weight of the dynamometer swinging arm is elimi- 
nated by supporting it on air lubricated pads. The 
length of this arm is checked periodically to allow 
for brake shoe wear. The load on the end of the arm 
is provided by standard weights and a vernier Avery 
scale. 

Individual tests are carried out over a test period 
of 1 minute and three minutes are allowed between 
tests to ensure steady conditions. These precautions 
and the advanced apparatus available in the test 
berths, lead to a very high standard of accuracy for 
the tests. 


From these results, the efficiency and output of the 
prototype for a large range of heads can be computed 
and the guarantees for runaway speed can also be 
checked. 

(b) Cavitation Tests. The cavitation plant used 
(see fig. 3) is of the closed circuit type. The pump at 
the base of the plant pumps water through four large 
resorber tanks connected in series and _ thence 
through a 36” venturi meter to a large tank which 
holds the turbine spiral casing. The purpose of the 
resorbers is to put back into solution the air previ- 
ously removed due to the low absolute pressure. 
Water discharges through the turbine and draft tube 
back to the pump inlet for re-circulation. Absolute 
pressure in the plant is altered by regulating the 
datum pressure whilst maintaining constant the head 
across the turbine. 


For Rihand the runner model was 22” dia. and 
was tested under 35 ft. head. 


The discharge through the turbine is measured by 
the calibrated venturi meter, the differential head 
across the meter being measured by a mercury 
manometer. 
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Fig. 3—Cavitation Test Berth in the Hydraulic Laboratory at Rugby. 


Head across the turbine is measured with a differ- 
ential mercury manometer connected to the spiral 
case inlet and the draft tube exit. The turbine speed 
is measured electronically as described under perfor- 
mance tests. 

The turbine torque is measured and the output 
absorbed by a Heenan and Froude dynamometer 
arranged so that turbine bearing and seal losses are 
transmitted to the dynamometer. 

The cavitation tests were carried out at the operat- 
ing points found during the performance tests, to 
determine what limitations were imposed by the tail- 
water elevation. The absolute pressure was gradually 
reduced keeping the head on the machine constant 
thus decreasing the cavitation factor. By plotting the 
power output against cavitation factor the critical 
factor was found. This critical cavitation factor was 
compared with the factor found from the established 
setting of the plant and the safety margin was deter- 
mined. At the same time visual inspection of the flow 
in the machine could be made using a stroboscope 
through the perspex Craft tube cone. This enabled the 
parts of the runner most likely to be affected by cavi- 
tation to be found. 


Construction 
Once the model tests had been completed produc- 


tion of the cast steel prototype runner was started. 
The drawings of the model runner were carefully 
scaled up to make the prototype drawings. These 
were then sent to the founders so that the necessary 
patterns and core boxes could be made. 


During the cavitation tests the areas most likely to 
be attacked by cavitation were found to be the skirt 
of the runner and the backs of the blades adjacent to 
the skirt. When the runner was cast recesses were left 
over these areas and they were later filled with stain- 
less steel strips welded to place. When the runner 
was ground these areas were blended with the mild 
steel part of the runner to give a smooth streamlined 
surface. The passage widths between blades at exit 
from the runner were measured and adjusted by 
chipping and grinding to template to the dimensions 
determined from the model runner. 


The runner is provided with high carbon steel 
labyrinth sealing rings on the rim and the crown. 
Leakage water passing through the seal on the crown 
is evacuated into the draft tube through a series of 
cored holes in the crown of the runner thus relieving 
the axial thrust on the runner. The water passes to 
the cored holes through a passage divided by radial 
ribs. These ribs prevent the formation of a vortex and 
so the inward radial flow is not impeded by centri- 
fugal effects. 
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SPIRAL CASING AND SPEED RING 


Owing to the large physical size of the machines 
it was necessary to split the speed ring into four parts 
in order to pass it through the railway loading gauge. 
The photograph in fig. 4, taken in the works during 
manufacture, shows quarters of the speed ring in the 





Fig. 4—Quarter Segments of Speed Ring. 


inverted position. The joint faces can be clearly seen. 
The holes in the flanges are only pilot holes for use 
during manufacture and the final holes have yet to 
be drilled. Fig. 5 shows the speed ring assembled 
ready for erection of the spiral casing plates. The 
joints were made using 34” and 4” dia. high tensile 
bolts and owing to the large forces involved these 
were heat tightened. Each bolt was drilled 1}” dia. 
throughout its length and electric heaters were 
inserted into the bore. The bolt was heated about 
200°F above the ambient temperature and the nut 
rotated a calculated amount depending on the pitch 
of the thread and bolt length. This produced a certain 
prestress in the bolt which could be checked by mea- 
suring the initial and final lengths of the bolt and 





Fig. 5—Speed Ring assembled in Works. 


computing the bolt stretch. By this means it was 
possible to tighten the bolts to a larger stress than 
would be possible by slogging and take full advan- 
tage of the high tensile material. The stay vanes can 
also be seen in the photograph. They are of 3” thick 
plate and were designed to carry the full water load 
when the spiral casing is full and the weight of the 
generator and superimposed concrete when the spiral 
casing is empty. To complete the assembly of the 
speed ring at site a seal weld was made round the 
periphery of the joint. 

Size considerations also necessitated the spiral case 
being sent to site plate small. The spiral plates were 
rolled and trimmed and assembled on to the speed 
ring in the works. All the plates were then match 
marked to facilitate the final assembly at site. After 
completion of the welding of the spiral plates at site 
the casing was subjected to a water pressure test to 
ensure that all welding was perfectly sound. 


DRAFT TUBE 


As in the case of the spiral casings these were so 
large that they had to be sent to site plate small and 
welded together there. Fig. 6 shows the draft tube 
match marked and assembled at works. The photo- 
graph gives a good idea of the size of the draft tubes. 
At site grouting irons were: welded to the ribs and to 
the plate between the ribs. This ensures that the draft 
tube is firmly bonded to the concrete and prevents 
vibration of the steel plates. 


HEAD COVER 


For a number of years tests on head covers for 
water turbines have been carried out at the Com- 
Engineering Laboratories at 


pany’s Mechanical 





Fig. 6—Trial Assembly of Draft Tube in Works. 
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Whetstone. A whole range of covers for turbines of 
different specific speeds has been tested and the 
stresses and deflections of the covers have been mea- 
sured. These test results have confirmed a theoretical 
analysis so that the stress and deflection for a new 
cover can now be estimated. The formulae consists 
of a number of simultaneous equations which have 
to be solved and it has been found convenient to 
make a programme so that the calculations can be 
made on a DEUCE computer. This procedure was 
used for the Rihand machines. A photograph of the 
head cover assembled on the works is shown in fig. 7. 
It is in the inverted position but shows the massive 
top and bottom decks. 


A full size mock-up in ply wood of part of the top 
cover, shaft, bearing housing and gland was also 
made. This enabled a check to be made that adequate 
access to the main shaft gland had been provided. 
Again owing to transport limitations, the head cover 
was sent to site split in halves. Heavy joint flanges 
and bolts were provided to facilitate assembly at site. 


GUIDE VANES 


Fig. 8 shows the guide vanes during manufacture. 
They are of fabricated construction. The blade of the 
vane was made by knifing a plate in a die to obtain 
the correct profile. The main trunnion and _ pivot 
trunnion were then welded to the blade and the 
whole was then stress relieved before final machining. 

Since no main valve was to be installed at the inlet 
to the machine, it was specified that arrangements 
should be made to reduce the leakage through the 
closed guide vanes to a minimum. This has been 
accomplished by providing rubber seals at the junc- 
tion between the guide vanes and the pivot ring and 
top cover, as well as along the vertical sealing face 
between guide vanes. These seals consist of rubber 
strips bonded on to steel backing strips. The seals at 
top and bottom of the vane were inserted in slots cut 





Fig. 7—Head cover jointed and partly machined. 





Fig. 8—Partly finished Guide Vanes ready for final 
machining operations. 


in the face of the pivot ring and top cover and the 
seal in the guide vane vertical face was inserted in a 
slot cut in the nose of the vane. This slot at the nose 
of the vane can be clearly seen in the photograph. 


Special rubber seals are used for sealing the guide 
vane trunnions where they pass through the top 
cover. These seals bear on the stainless steel guide 
vane collars and have been the subject of extensive 
tests in the Company’s mechanical laboratories at 
Whetstone to determine the interference between the 
rubber and sealing face necessary to ensure perfect 
sealing with minimum wear. Special care was taken 
to provide a smooth finish on the sealing face of these 
collars to reduce the wear. The collars can also be 
seen in the photograph. 


It will also be noticed that a hole has been bored in 
the centre of the main trunnion. A pipe was later 
inserted in this hole to feed grease to the pivot trun- 
nion bearing. A grease connection was also taken 
to the annulus formed between the pipe and the 
bored hole. This feeds grease to the main trunnion 
bearing. 

MAIN BEARING 


This bearing is of the English Electric self lubri- 
cating type. It was developed and tested in our 
laboratory some years ago and is now in successful 
operation in many parts of the world. The bearing 
consists of six separate pads equally spaced round 
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the shaft with a small gap between each pad. 
These gaps are kept filled with oil by the pumping 
action of a circumferential groove cut in the bearing 
surface of each pad. The oil is crawn into the groove 
from a lower reservoir. Oil from these gaps is drawn 
in under the pads and keeps them lubricated. Sur- 
plus oil fills an upper reservoir and returns to the 
lower reservoir via stand pipes which act as spill- 
ways and maintain the level in the upper reservoir. 
To cool the bearings, the pads are made hollow, con- 
nected together in series and have water circulated 
through them. This has the advantage that the cool- 
ing water is in close contact with the bearing surface 
where the heat is developed. The cooling water pipes 
connecting the pads are.arranged to be below the oil 
level in the upper reservoir in order that no atmos- 
pheric moisture can condense on them and contami- 
nate the oil. 

Experience has shown that very little water circula- 
tion is necessary to cool the bearing and that the 
separate pads make any adjustment of the bearing 
clearance comparatively simple. 

The installation of a self-lubricating bearing makes 
it unnecessary to provide a lubricating pump set, 
together with a standby set and the associated con- 
trol equipment and flow relays. It also eliminate the 
external cooler, and hence considerably simplifies 
erection and operation. 


MAIN SHAFT GLAND 
This has been the subject of extensive development 


in the Company’s mechanical laboratories. The seal 
consists of pairs of carbon rings, three pairs being 
fitted in each gland, and each pair forming a sealing 
member. Of each pair of rings, one ring consists of 
series of segments with wedges between them. The 
other ring arranged axially above the first ring con- 
sists of segments which cover the wedges in the first 
ring. These rings are held by garter springs against a 
stainless steel sleeve fixed on the shaft and held 
axially against a static stainless steel sealing face in 
the gland box by the force of one of the garter springs 
acting on an inclined face. Two pairs of carbon rings 
are arranged to prevent leakage of water out of the 
machine and the third set prevent leakage into the 
machine. 

Cooling of the gland is achieved by passing clean 
cooling water through the gland box. In the event of 
the water which operates the turbines containing sus- 
pended silt, the pressure of the clean cooling water 
in the gland box can be maintained at a higher pres- 
sure than the water in the turbine thus ensuring that 
no contaminated water enters the gland box. 

The stainless steel sleeve is applied to the shaft in 
halves which are then welded together. The contrac- 
tion of the longitudinal welds is adequate to hold the 
sleeve rigidly on the shaft. 


SHAFT 


The main shaft which is a carbon steel forging, is 
shown being machined -in fig. 9. The collar on the 





Fig. 9—Main Shaft being machined. 
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shaft is undercut to receive the inner lip of the lower 
bearing oil reservoir. The outer diameter of the 
collar is the bearing surface. Provision has been made 
below the collar for the stainless steel sleeve for the 
gland. 


GOVERNOR 


The governor consists of five main parts: 
(a) The governor alternator. 

(b) The actuator. 

(c) The pilot servomotor. 

(d) The main distributing valve. 

(e) The guide vane servomotors. 


The governor alternator is directly driven from the 
top of the main shaft. It is connected to the motor 
which drives the pendulum or speed sensitive device 
in the actuator. Also in the actuator is a small dis- 
tributing valve which is operated by the pendulum. 
This actuator distributing valve supplies oil to the 
eight inch dia. pilot servomotor. The actuator is 
placed on top of the pilot servomotor and hence can 
supply it with oil without the need of pipe connec- 
tions. This actuator-pilot servomotor assembly is in 
the governor cabinet which is combined with the ins- 
trument panel and is situated on the alternator floor. 
The main distributing valve which is immediately 
below the pilot servomotor on the turbine floor is 
operated by a swinging arm. One end of this arm is 
connected to the pilot servomotor through a vertical 
operating shaft and the other end of the arm is con- 
nected by a cable to the main guide vane servomo- 
tors, (return motion connection). The main distribu- 
ting valve supplies oil to the guide vane servomotors 
and these operate the guide vanes by way of the regu- 
lating ring. It will be noticed that the governor is 
merely a servo mechanism, which uses the speed sig- 
nal from the main shaft and converts it into large 
forces for operation of the guide vanes. To avoid any 
chance of hunting of this mechanism precautions are 
taken to ensure that all links and pins are loaded 
constantly in one direction so that any back lash due 
to clearance or wear is eliminated. 


The oil supply to the governor is provided by the 
governor oil pumping set situated on the turbine floor 
between the units. It consists of two Imo pumps 
mounted vertically on a sump tank and these deliver 
the oil at 300 Ibs/sq.in. into an air loaded receiver. 
This receiver acts as a reservoir against sudden 
governor demands. Should the oil pressure fall due 
to any cause a pressure relay is arranged to shut the 
machine down at a time when adequate oil still re- 
mains to supply the requirements of the governor for 
one closing stroke. 


The pumping set for the alternator lubricating oil 
is of similar design and situated in the station adja- 
cent to the governor pump set. This leads to neat 
appearance and ease of operation of the station. 
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CONTROL, OPERATION AND PROTECTION 
OF TURBINE 


Normal operation such as starting and stopping the 
plant are under local manual control at the gover- 
nor control panel on the alternator floor. The control 
scheme is generally as for a fully attended station, 
but full protective features have been provided as for 
an unattended station. Guide vane stroke limitation. 
can be achieved manually by limiters on the guide 
vane servomotors. Stroke limitation is also provided 
in the actuator and this can be operated by electrical 
remote control as well as from the governor panel. 
Provision is also made for the remote indication of 
the position of this limiter and for indication of the 
guide vane opening. 


SCALE MODEL TURBINE 


A model of the turbine and alternator made to 
scale of 3” to one foot is also being supplied by the 
English Electric Co. Ltd. This model is power driven, 
provision being made for operation of the governor 
gear and rotation of runner and rotor. A photograph 
of this model is shown in fig. 10 and many of the 
main features of the turbine mentioned above can be 
seen. 


SECTIONAL VIEW OF 61,000 kVA HYDRO-ELECTRIC SET 


5 Sets of this design supplied to the Uttar Pradesh 
Government, India for the Rihand Dam Power Station 
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Maximum Head 250 feet Speed 150 R.P.M.] 


1. Draft tube timer 2 Turbine runner 3. Droft tube oir admission ring moin 4. Guide vanes $. Self lubricating 


[Turbine Output 77,000 B.H.P. 





turbine bearing 6. Regulating gear 7. Spriral casing &. Guide vone servomotor 9. Main shoft 
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THE ENGLISH ELECTRIC COMPANY LTD. - LONDON . ENGLAND 


Fig. 10. 
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Outdoor Switchyard 


at Rihand Power Station 





HE design of an outdoor switchyard of a Hydro- 
electric Power Station depends upon many factors 
of which the following are the most important :— 


(a) The location, nature and dimensions of the site 

available for the Switchyard. 

(b) The place occupied by the Power Station in the 

general scheme of transmission. 

(c) The number and capacity of the incoming and 

outgoing feeders. 

(d) The voltages at which power is generated and 

transmitted. 

(e) The ratings and the types of circuit breakers, 

isolators and other components. 

(f) The flexibility of operation desired. 

(g) The need for future expansions or alternations 

if any. 

In order to enable one to understand the above 
factors with reference to the Rihand Power Station 
and its outdoor switchyard a brief description of the 
Power Station and other conditions peculiar to the 
site of the switchyard are given in the following 
paragraphs. 


GENERAL DESCRIPTION 


Rihand Power Station, is located on the downstream 
side of Rihand Dam at Pipri, a village in the South- 
eastern corner of Mirzapur district. Six units, each 
of 55,500 kVA capacity at 0.9 p.f., five initially and 
the sixth at a later date, are proposed to. be installed 
in the Power Station. 


The Power Station will feed a network of 132 kV 
and 66 kV lines distributed in the Eastern Districts 
of Uttar Pradesh. 


Power is generated at 11 kV and stepped up to 132 
kV by means of 60 MVA 3 phase transformers 
located between the down stream face of the Dam 
and the Power House building. The conventional 
unit scheme of generator transformer connection is 
adopted. 

The outdoor switchyard will have five incoming 
132 kV connections (ultimately six when the sixth 
unit is installed). Six outgoing 132 kV line connections, 
two each to Mirzapur, Moghal-Sarai via Robertsganj 
and Sone Nagar in Bihar are to be provided in layout. 
Space is to be provided for three more 132 kV double 
circuit line connection for future interconnections. 


A 66 kV bus arrangement with provision for two 
incoming connections from the local 132/66 kV 10 
MVA transformers, two outgoing 66 kV line connec- 
tions and two feeder circuits to two 66/11 kV 3 MVA 


By P. A. KRISHNASWAMY 


transformers located in the switchyard have to be 
provided. The outgoing 66 kV lines are intended to 
feed industrial loads, which may come up in the 
area. The 66/11 kV, 3 MVA transformers are intended 
for supplying 11 kV local distribution feeders and 
also certain non-essential auxiliaries of the Power 
Station and the Dam through a further transformation 
of 11/.4 kV. 


There are two sites where outdoor sub-station could 
be laid:— 
(a) Between Dam and Power House on the upstream 
side. 
(b) On the eastern bank, neighbouring Control 
Room. 


In the former place the sub-station would be a high 
level sub-station with various decks, while in the latter 
it could be a combined high and low level sub-station 
similar to those constructed in other parts of State. 


The former suffers from the drawback that more 
than six feeders cannot be taken out. 


With the above in view as also the ease in mainte- 
nance and inspection on a combined high and low 
level construction the latter site has been favoured. 
From economic considerations therz is not much 
to choose as the increased quantity of steel for high 
level substation is offset against the increase in 
length of multicore control cables in the latter case. 


The space available for sub-station on eastern bank 
is 131m x86m approximately. 


With the main power transformers located between 
the Dam and the Power House, two alternatives were 
possible for connections between the transformers 
and the circuit breakers located in the .switchyard. 


1. 132 kV Oil-filled cables laid in cable trenches or 

ducts. 
2. 132 kV line connections carried over the Power 
House Building with suitable anchorings on either 

_ side. 

The second alternative is adopted for Rihand as it 
is very much cheaper, extremely reliable and requires 
practically no attendance once it has been installed. 


CHOICE OF BUS BAR SCHEME 


Double Bus bar scheme has been adopted for the 
132 kV switchyard for the following reasons:— 
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{i) It permits interconnection of one or more 
generators of the Power Station to a test section 
without disturbing the main network. 

(ii) It permits greater flexibility in maintenance 
and operation of the switchgear. 

(iii) It permits synchronising of a particular Station 
or generators of a network section indepen- 
dently of the main network. 


One of the units of the Rihand Power Station will 
normally be stand-by and the capacity of the double 
circuit 132 kV outgoing lines are such that one of 
the two circuit breakers of the D/C lines can be 
switched off without any disturbance to the continuity 
of power supply. For this reason by-pass isolator is 
not provided for the circuit breaker. Also the isolator 
between the step-up transformer and the circuit 
breaker of the incoming line connections has not 
been provided in accordance with the latest practice. 


Single bus bar scheme is provided for the 66 kV 
switchyard. 


CHOICE OF TYPE OF LAYOUT ‘LOW’ 
OR ‘HIGH’ 

There are two principal types of layouts in vogue. 

(i) With the bus bars and the isolators carried on 
steel structures and the circuit breakers on the 
ground on suitable foundations. This type of 
arrangement is called the ‘high type’. 

(ii) With the bus bars and the switchgear including 

the isolators on comparatively low level. This 

arrangement is called the ‘low’ type. 


The ‘low’ type of arrangement naturally occupies 
more ground space than the ‘high’ type, but is more 
economical in the structures and gives an unrestricted 
view of all the switchgear equipments. It is therefore 
widely used where there are no restrictions in space. 


ALTERNATIVE LAYOUTS FOR COMPARATIVE 
STUDY 


The following three alternatives were prepared. 


Alternative Layout I. 


A ‘low’ type of layout with ‘keel’ or one-after the 
other arrangement of isolators and with ‘strung’ 
buses, one of the buses being in the form of a ring 
around the other in order to accomodate in the same 
bay width the outgoing 132 kV line connections 
opposite to the incoming 132 kV line connections, 
which are terminated on a one level gantry at the 
switchyard. 


Alternative Layout II. 


A ‘high’ type of arrangement with the conventional 
‘side-by-side’ placing of isolators and with strung 
type of buses. One of the buses in the form of a ring 
around the other. The outgoing connections are oppo- 
site the incoming ones as in alternative I. The over- 


head connections from the transformers are however 
terminated on a double circuit dead-end type of towers 
of suitable design located on the sloping bank of the 
tail-race. 


Alternative Layout III. 


A ‘low’ type of layout with the conventional side-by- 
side placing of isolators and ‘strung’ buses. One of 
the buses of the 132 kV to be in the form of a letter 
H around the other bus which is straight. The out- 
going connections are opposite to the incoming ones 
as in alternatives I and II. The overhead connections 
are terminated on a two level gantry at the switchyard 
in triangular formation thus increasing the phase 
to phase distance of the conductors. 


The alternative layout III is found to be the most 
suitable amongst the three and has the following 
advantages :— 

(i) The isolators are in a lower level and therefore 
maintenance and inspection of the same will 
be easier. 

(ii) It is more economical in steel structures. 

(iii) The gantry structures for the incoming over- 
head line connections also serves to take the 
connections from the circuit breakers to the 
bus selecting isolators. 

(iv) Since this gantry is located in the switchyard 
itself instead of in the tail race bank as in 
alternative If, its foundations will not be 
amenable to erosion from the flowing waters. 


SALIENT FEATURES 


1. The 132 kV switchyard consists of nine bays of 
width 32’ 10’”’ each. The 66 kV switchyard consists 
of four bays. The dimensions of the switchyard are :— 
105m x 66m of the 132 kV portion, 66m x37.5m of 
the 66 kV portion and 131m x86m overall dimen- 
sions. 


2. Galvanised steel structures of the lattice type 
are provided. 


3. The maximum tensions of conductors for the 
incoming line connections, outgoing line connections, 
the main and jack buses and shielding earth wires 
have been fixed as below after taking into considera- 
tion. various factors such as strength of wires and 
insulators, limitations of tensions at normal tempera- 
tures to avoid vibration in wires, electrical clearances, 
avoidance of unsightly sags at maximum tempera- 
tures, and economy of supporting structures :— 


(i) Incoming Line connection 7000 Ib. 

(ii) Outgoing Line connection 3000 Ib. 

(iii) Main and Jack buses 1500 Ib. 
(iv) Earth wire:— 

(a) For incoming Circuits 3400 Ib. 

(b) For outgoing Circuits 3000 Ib. 

(c) For Switchyard 1500 Ib. 


By a judicious selection of the above it has been 
possible to effect considerable economy in design of 
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structure. The total weight for incoming and outgoing 
line gantries, 132 kV and 66 kV bus structures, trestles 
etc., is 148 tons approximately. 


4. For the design of the structures the following 
criteria has been considered :— 


(a) Horizontal wind pressures on flat surfaces such 
as structural members including angle sections 
—15 Ib/sq. ft. 

(b) For lattice structures, the actual exposed area 

of one of the latteral face to be increased by 

50°% and full wind pressure ignoring the shield- 
ing effect from other structures in the switch- 
yard. 

Horizontal wind pressures on cylindrical sur- 

faces such as conductors, ground wires, insu- 

lators and such other electrical equipment to 
be 10 Ibs. per sq. ft. 

(d) Maximum and minimum temperatures of 150°F 
and 32°F without ice. 

(e) Factors of safety based on the crippling load of 
struts and the elastic limit for tension members 
under the above conditions be not less than 
2.5 for supports as well as for their foundations 
against overturning. 

(f) The following formulae have been used to 
determine the unit compressive stresses in 
Ibs/sq. inch on the gross area of section of 
struts :— 


(c 


— 


l 
(i) 45000—190 —but not more than 36000 
z i 
Ibs/sq.inch. 


for "less than 150. 


(ii) 36000—130 for 2 between 150 to 200. 


For tension members an ultimate strength (at 
yield point) of 36000 Ib/sq. inch on net area has been 
taken. 


5. Minimum oil circuit breakers of the expansion 
type, manufactured by CKD, Prague, Czechoslovakia 
are provided for both 132 kV and 66 kV. The 132 
kV breakers are of 3000 MVA rupturing capacity 
and can be used for single pole or.3 pole reclosures 
as may be necessary. The operating time of the breakers 
is 3—5 cycles. The 66 kV breakers are of 1500 MVA 
rupturing capacity and can be used only for three 
pole reclosures. 


6. The current and potential transformers, insula- 
tors, bus bar and other switchgear equipments of the 
outdoor switchyard are all being supplied by Messrs 
Skoda and are manufactured in CKD Works, Prague, 
Czechoslovakia. The current transformers are of the 
one ampere secondary type and contains two separate 
cores, one for measurement and the other for pro- 
tection. Independent P.Ts have been provided for 
such outgoing 132 kV line and a separate set of V.T. 
for each of the 132 kV buses. 
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7. Concrete walk-ways in front of the circuit 
breakers and other apparatus in the switchyard have 
been provided for easy access. Cable tunnels and 
ducts for the control and power cables, compressed 
air piping have been suitably located inside the 
switchyard. 


CIRCUIT BREAKERS—RATED VOLTAGE, 
RATED INTERRUPTING CAPACITY AND 
IMPULSE STRENGTH 

While it may be justifiable to adopt a basic impulse 
level of one step lower for the transformers, reduced 
insulation has not been applied to the switchgear of 
Rihand Power Station mainly due to the considera- 
tions of Service Voltage. The Service Voltage at 
Rihand 132 kV bus according to the Net Work Ana- 
lyser Studies may vary from 132 kV to 145 kV when 
the Station is supplying the fully loaded Grid, there- 
fore a circuit breaker of a voltage class lower than 
132 kV is clearly unsuitable though it may satisfy 
the interrupting requirements. The impulse withstand 
value of 630 kV crest has been adopted in respect 
of the above. 


The rated interrupting capacity of 3000 MVA 
for the 132 kV breakers and 1500 MVA for the 66 
kV breakers have been found to be ample from the 
network studies for the system. 


INSULATION OF THE BUSES 


The buses and the main taps and connections in 
the outdoor switchyard are of the ‘Strung’ type. 
In choosing the number of discs in the insulator 
chains the effects of pollution from frequent dust 
storms occurring in these parts in summer has to be 
considered. 


For a 132 kV system a nine unit string of 10” x 53” 
pin and cap discs will meet the impulse requirements, 
but the creepage distance is only 110” of which 74” 
are protected. To provide more margin for creepage 
ten units will be suitable for suspension strings giving 
122” total creepage with 82’ protected. For tension 
strings which will have their axes more or less hori- 
zontal an additional two discs would serve the purpose. 


For the overhead connections from the transformer 
bay to the switchyard double strain yokes with strings 
of 12 units in each are adopted for providing greater 
mechanical strength. 


LIGHTNING ARRESTER RATINGS 
AND LOCATION 


The lightning arrester constitutes the ideal protective 
device against damages due to lightning strokes. A 
suitable protection scheme cannot be said to exist 
unless there is available a reasonable margin between 
the level of protection provided by the lightning 
arrester and the basic insulation level of the equip- 
ments to be protected. It is also necessary to estab- 
lish a lower limit of protection which is imposed by 
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the magnitude of internal voltages which in turn 
depends upon the system operating conditions, the 
network itself, system neutral grounding conditions, 
efficiency of earthing etc. For the solidly earthed 
neutral system of 132 kV a rated voltage of 120 kV 
for the lightning arresters would be correct. Also 
for the protection of power station equipments, ‘station 
type’ of arresters having large discharge capacities 
are desirable from the point of view of offering pro- 
tection against heavy lightning strokes in the vicinity 
of the power station. 

The lightning arresters selected for Rihand Power 
Station for the 132 kV and 66 kV are of ASEA make 
and satisfy the above mentioned requirements. They 
have the following characteristics. 








Serial Details L.A. for L.A. for 
No. 132 kV 66 kV 
1. Type and make ASEA ASEA 
2. Rated voltage (EMS) 120 kV 66 kV 
3. Spark-over voltage at power 
frequency (Min) RMS 216 kV 119 kV 
4, Spark-over voltage at Surge a * 


(1/50 kV crest) RMS 
5. Spark-over voltage at steep 

wave front (Crest) 400 kV 205 kV 
6. Discharge voltage at surge . 2s 

10 kV wave 10/20 (crest) 348 kV 226 kV 
7. Discharge voltage at surge ° (*) 

5 kV wave 10/20 (crest) 312 kV = 202 kV 
8. Maximum discharge capa- 

city Crest 150 kV 100 kV 


250 kV 145 kV 
* 


* 





*+10% 

(*)+ 5% 

Efficient protection of the larger type of substation 
like the outdoor switchyard at Rihand where a large 
number of high voltage lines are taken out is possible 
only when each of the line is provided with a separate 
set of lightning arrester. These arresters prevent 
excessive stress from voltage gradient and also secure 
that when the line breakers or switches are open 
constituting dead-end reflection points, there will be 
no flashover across the open contacts or from the 
line to ground. Separate lightning arresters have 
been provided for power transformers since they are 
located away from the switchyard. 

The lightning arresters for the 60 MVA trans- 
former at Rihand Power Station are located in a 
bracket on its body and the lightning arresters for 
the outdoor switchyard are mounted at the point of 
entry of the transmission lines into the switchyard. 


SHIELDING AGAINST DIRECT STROKES 


For proper protection of the outdoor station equip- 
ments the lightning arrester protection shall be supple- 
mented by reliable shielding of the station and the 
transmission lines against direct strokes of lightning. 
The general type of shielding to be used will of course 
largely depend upon the general design of the Sub- 
station structures. For the Rihand outdoor switchyard, 
the protection offered by the steel structures has 
been supplemented by the overhead ground wires 
wherever essential by connecting the ground wires 
between top of some structures in zig-zag pattern. 
Inside and outside shielding angles of 30° and 45° 
are found to offer adequate protection for all the 
equipments of the switchyard. 


The structures of the switchyard and the equip- 
ments of the switchyard shall be properly connected 
to a low resistance grounding mat provided for the 
switchyard which in turn will be interconnected with 
the Power House ground mats one in the upstream 
side of the dam adjacent to the power house and one 
in the tail race adjacent to the switchyard. 


INSULATION COORDINATION 


Insulation coordination is a quantitative co-relation 
of the insulation of the apparatus and circuits to 
the overvoltages that will be allowed by the protec- 
tive methods employed. In the substation protection 
it essentially involves a comparison of apparatus 
impulse withstand characteristics with that of the 
impulse protective level of lightning arresters or sup- 
plementary protective methods. 


The graph shown in the elsewhere shows the 
scheme of coordination for the outdoor switchyard 
at Rihand Power Station. 


CLEARANCES 


The following minimum clearances between live 
parts and earthed structural members have been 
adopted and the design of structural members shall 
be made permitting these minimum clearances, after 
allowing for the deflections of the strings etc., if any. 


132 kV oe os oe 54” 
66 kV oe es oe 30” 


ERECTION OF THE SWITCHGEAR 


The department is preparing all the detailed cons- 
truction drawings connected with the installation of 
the outdoor switchyard and it is the endeavour to 
erect the switchgear equipments departmentally. 


I gratefully acknowledge the help of my colleagues 
in the design office in preparation of this article. 
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BROWN BOVERI 


provide an ideal means 

of protecting inter-connected 
medium, high and extra 

high voltage cable and 
overhead systems against 
short circuit. 


They restrict to a minimum 
the effects of short circuits 
on the system. 


for high and extra high 
voltage systems with or 
without rapid reclosing. 
Tripping time 0.06 s 
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version of type L 3 for 
extra high voltage systems. 
Tripping time 0.02 s. 
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Electricity Boards. 
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Power Line Carrier 


Communication System for Rihand Grid 





ITH the day to day expansion of the High volt- 
age Power Systems, the importance of Power Line 
Despatching Service for technical control and opera- 
tional efficiency has become very evident. A reliable 
telephone system for the verbal exchange of intelli- 
gence and a fast operating telemechanism for receiv- 
ing and recording of important values from different 
parts of the grid is an essential feature. The P & T 
lines with their intervening exchanges as a medium 
of communication and not being entirely at the dis- 
posal of the Power Authorities cause considerable 
dealy. They frequently get out of service in bad 
weather when their need is the greatest to the 
Power Authorities. These considerations coupled 
with the need of high speed simultaneous isolation 
of feeders at both ends have warranted an independent 
communicaticn system exclusively for the Rihand 
Grid stretching over 16 Districts of Uttar Pradesh. 
The Power Line carrier communication system is 
being devised to meet the following requirements :— 

1. Telephone communication. 

2. Telementering of values from four important 
Centres namely Pipri, Robertsganj, Mirzapur 
and Mau to the Centrol office at Varanasi. 

3. Teleprotection. 


TELEPHONE COMMUNICATION 


There are two principal methods of Carrier Com- 
munication over Power Lines. These are the wave 
change-over and the fixed frequency methods. The 
wave change-over method is characterised by the fact 
that a group of four or five sections can be covered 
by only one pair of frequencies while in the fixed 
frequency method each line section between two 
stations requires a separate pair of frequencies. The 
characteristics of these two methods are:— 





METHOD 
Serial Particulars 
No. Wave Change-over Fixed frequency 
1. Initial cost Low. High. 
2. No. of frequencies Twofrequencies Two frequencies 
required. for three to _ per section. 
four sections 
3. Use of super-impos- Not possible A number of tele- 
ed channels. metering or other 
channels could be 
be super-imposed 
4. No. of stations bet- Two. More than two. 
ween which simulta- 
neous conversation 
could be carried on. 
5. Quality of reception Comparatively Very High 
low. 





By H. S. SAWHNEY 


Keeping in view, efficiency and economy, the 
importance and requirements of the substations a 
combined fixed frequency and wave change-over 
method has been adopted for the Rihand Grid. 


The accompanying drawing shows the circuit dia- 
gram of Rihand Carrier Communication scheme. 
The sections marked in red (Pipri-Robertsganj, 
Robertsganj-Varanasi, Varanasi-Mirzapur, Mirzapur- 
Sultanpur, Mirzapur-Allahabad and Mirzapur-Pipri) 
form the fixed frequency districts while the groups 
Varanasi-Mau-Dhorighat-Ghorakhpur and Sultanpur- 
Sohwal-Faizabad-Gonda form two wave change-over 
districts. 


The wave change-over districts have 66, or 11 kV 
transmission lines except Varanasi-Mau 132 kV. 
Section. Heavy and important telephone traffic is 
not expected in these districts. Actual traffic measure- 
ments on some Power Line Carrier systems have shown 
that more than 90% of the telephone calls are con- 
ducted between the Power Controller’s office and 
Power Houses or vice-versa whereas less than 10% 
of the traffic is attributed to calls between the indi- 
vidual substations or Power Houses. Further as 
explained later, the telemetering and teleprotection 
devices in these districts do not make use of any 
super-imposed channels and, therefore, the wave 
change-over method was judged to be the most suit- 
able. 


The fixed frequency districts cover the 132 kV. 
lines forming the important parts of the grid with 
heavy and important traffic. In these districts relia- 
ability and efficiency has been obtained by taking 
advantage of the fixed frequency method to provide 
the frequency shift protection channels to operate in 
conjunction with carrier telephone cabinets within 
the telephone band itself. 


COUPLING CIRCUIT 


Inter-system method of coupling has been employed 
throughout except at Dhorighat and Faizabad where 
there is no provision for carrier protection channels 
and single phase coupling, is equally suitable. Follow- 
ing is the circuit diagram for intersystem coupling. 


The Inter-system coupling in the event of a faulti n 
one of the two coupled conductors allows carrier 
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current transmission over the non-defective coupled 
conductor, a resistor having been inserted in the line 
leading from the centre tap of the line tuning unit 
to ground, thus making the continuity of communi- 
cation more reliable. This is highly important when 
carrier channels are employed for line protection 
also. A further feature of the inter-system coupling 
is, that carrier transmission will continue even when 
all the three conductors of an H. T. circuit are shorted 
and grounded, a condition commonly met with a 
repair gang working on the H.T. Line. 


CARRIER FREQUENCIES 


The Carrier frequencies used lie in the spectrum 
150 kc/s to 300 ke/s to avoid interference with the 
12 channels P & T open wire carrier telephone systems 
running in parallel with the H.T. Lines. The P & T 
carrier systems use the frequency range upto 146 kc/s. 


THE EQUIPMENT 


The special feature of the coupling equipment is the 
use of broad band tuned 150-200 or 200-300 ke/s 
wave traps. 

The transmitter and receiver cabinets adopted for 
Rihand Grid provide full duplex telephone channel 
transmission employing amplitude modulation on 
double side band system. Each voice frequency circuit 
will have a normal band width of 5 ke/s. 


The telephone transmission band is from 300 c/s 
to 2400 c/s. Super-imposed channels have not been 
provided as the telemetering system is independent 
and also the protection system works within the 
telephone band itself and in conjunction with the 
cabinets for the latter. 


The carrier frequency output of the transmitters is 
10 watts at 100% modulation. 


Four wire interdialing cabinets have been used at 
Varanasi and Mirzapur to route the calls to the 
required districts. 


Only one channel has been provided on each H.T. 
line so that one telephone call can be established at 
a time while in the ring circuit Varanasi-Robertsganj- 
Pipri-Mirzapur it is possible to hold two conversations 
simultaneously from the same station, for instance 
from Varanasi to Pipri (Via Robertsganj) and simul- 
taneously from Varanasi to Mirzapur. A third simul- 
taneous conversation is also possible from Varanasi 
to Mau, Dhorighat or Gorakhpur. 


A priority facility is incorporated in all the tele- 
phone sets at the sub-stations, Power Houses and at 
other important subscribers. By operating the priority 
key one could enter the conversation already going 
on. Ofcourse the persons who are in conversation 
will get an indication that somebody is trying to 
override. 

A conference facility has been provided at the 
Varanasi Control office. Three conference call numbers 
will be set up for the following conference circuits. 


(i) Control office at Varanasi-Robertsganj-Pipri. 

(ii) Control office at Varanasi-Mau-Dhorighat- 

Gorakhpur. 
(iii) Control office at Varanasi-Mirzapur-Sultanpur- 
Sohwal-Gonda. 

Any combination of conference calls is possible 
from a special board arranged in the control office 
at Varanasi such as over three circuits simultaneously 
or any two of them. In addition the officer-in-charge 
of Varanasi Sub-station can also be included in any 
conference. 


WORKING OF TELEPHONE SYSTEM 


The dial number scheme has been so devised that 
any station may be reached by any other station under 
the same call number. It does not make any difference 
whether the desired party is connected to the same 
district as the calling station or whether the call has 
to be relayed through a number of other telephone 
districts. Suppose a subscriber A at Robertsganj calls 
Subscriber B at Mirzapur (through Varanasi). If the 
line Robertsganj-Varanasi is busy A will hear the 
busy tone (800 c/s tone sent at a high interruption 
rate) requesting the calling party to replace the hand 
set. In case the line Robertsganj-Varanasi is free A 
will hear a dial tone (the so called proceed to dial 
signal). This means that the cabinet No. 1 (Varanasi) 
is ready to receive the dial number of the desired 
station. On dialling the first digit of the required 
number A goes over from cabinet no. 1 (Varanasi) 
to the through dialling cabinet Varanasi and finally 
to cabinet no. 3 (Mirzapur). If section Varanasi- 
Mirzapur is free, on further dialling he gets connected 
to B. If the section Varanasi-Mirzapur is busy the 
cabinet no. 1 Varanasi will return the transit busy 
signal. This tone is intended to summon the calling 
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party to replace the hand set or to operate the priority 
key. If the calling party fails to replace the hand set 
or to depress the priority key, forced release will take 
place after about 30 seconds and he will receive the 
normal busy signal. The line is now free for other 
sections i.e., a call incoming at this moment will be 
signalised immediately after replacing the handset. 


TELEMETERING 


The telephone equipment alone is not capable of 
meeting all the demands of the load despatcher like 
immediate reports from the important points of the 
grid. This necessitates the use of telemetering system 
to give the load despatcher a constant picture of the 
state of the system at any moment. 

An 18 channel multiband telemetering equipment 
working in separate frequency band of 2.5 ke/s 
width has been adopted for Rihand Grid. The tele- 
metering system is based on the pulse rate system. 
The following values will be telemetered at Varanasi- 
Control office from different stations of the grid. 


Name of Power House 
and sub-station. 


Active 
Power 
Re-active 
Power 
Voltage 
Reservoir 
level 
Total 
number 





1. Pipri Power House 
(a) Generated 
(b) Reservoir level Ps _ = = 1 3 


. Robertsganj Sub- 
station. 
(a) Received ne 1 _ — _ — 
(b) Sent out or 1 —_— —_— — 2 


3. Mirzapur Sub-station. 
(a) Received ae I = - - 
(b) Sent to Sultanpur .. | _ — _ ee 
(c) Sent to Allahabad 
Sub-station P 1 - — _ 3 


4. Mau. 
(a) Received - 1 = : cals 
(6) Sent out cr 1 — 1 sia 3 


| 
| 


nN 


This indicates that a total of 11 values in all shall 
be telemetered at Varanasi. At present the telemetering 
cabinets at Pipri, Robertsganj, Mirzapur and Mau 
are equipped with three, two, three and three trans- 
mitting channels respectively according to immediate 
requirement. The remaining channels upto a maximum 
of 18 can be added easily without incurring much 
expenditure. The telemetering receiving cabinet at 
Varanasi control office is equipped with 18 receiving 
channels. 


The telemetering signals from Pipri and Roberts- 
ganj find an independent path to Varanasi telemeter- 
ing receiving cabinet through the directional filter 
no. 1 located at Robertsganj. Similarly the tele- 
metering HF bands from Mau and Mirzapur find 
their paths to telemetering receiving cabinets at Vara- 
nasi through the directional filters no. 3 and 2 res- 
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pectively located at Varanasi. In view of the frequency 
spectrum being overcrowded the telemetering equip- 
ment makes use of single side band system which 
requires only 2.5 ke/s band for each direction. 


TELEPROTECTION 
Teleprotection system provides tripping signals for 
breakers at both ends of line for simultaneous ope- 
operation. 
The Rihand Teleprotection System can be divided 
into three parts as described below:— 


(a) Three leg carrier protection on Sultanpur- 
Sohwal-Gonda Line sections. 


No circuit breakers have been provided on the 66 
kV side of 132/66 kV. transformers at Sultanpur 
and 66/33 kV. transformers at Sohwal and Gonda. 
This necessitates a special protection system for 
effectively protecting the transformers. High speed 
carrier relaying equipment has been used for this 
purpose with two transmission channels (double 
circuit line) for protecting two H.T. feeders or trans- 
formers and four receiving channels (each protection 
cabinet at these stations has to look to the remaining 
two stations) in two separate H.F. bands for tripping 
the circuit breakers on the 33 kV. side of the H.T. 
transformers at Sohwal and Gonda and on the 132 
kV. side at Sultanpur sub-station respectively. Special 
alarm circuit and facilities for easy checking and 
recommissioning of the carrier circuits have been 
provided. The speed of operation of protection 
equipment being 9 to 10 milli seconds (4 cycle). 
Because of the high speed of operation of the pro- 
tection equipment, the simultaneous clearing of 
faults at both ends can be achieved in the real sense 
so important for transformer protection. 


(b) High speed Carrier Protection Equipment for 
the Line Section Varanasi-Mau-Dhorighat. 


The same type of High Speed carrier protection 
equipment with special alarm circuits has been in- 
cluded for the line sections Varanasi-Mau and Mau- 
Gorakhpur. The carrier cabinets are, however, equip- 
ped for 2 transmission channels and 2 receiving 
channels only in the H.F. band of 2.5 ke/s band 
width. 

(c) For the remaining H.T. Line sections there is 
adequate provision of circuit breakers etc. and there- 
fore conventional type of carrier protection channels 
working in conjunction with carrier telephone 
cabinets within the telephone band itself have been 
included. These cabinets have two transmitting and 
two receiving channels each. 

The same cabinets are used for fixed frequency or 
wave change over operation with minor alterations. 


In the wave-changeover districts Sultanpur-Sohwal- 
Faizabad-Gonda the Faizabad substation, an off- 
shoot from Sohwal has been included by the use of 

(Continued on page 77) 








Scheme of 





Protection at Rihand Power Station 





HE single line diagram in fig. 1 shows the switching 
layout of generators, transformers, 132 kV & 66 
kV busbars and outgoing feeders at Rihand Power 
Station. The 50 MW generator is connected to a 60 
MVA three phase transformer in conventional unit 
layout having a solid tee off for a 500 kVA unit trans- 
former for supplying power to its own auxiliaries. 
An alternative arrangement for supply to station 
auxiliaries is provided from the 11 kV side of the 
3 MVA transformers through 500 kVA 11/0.4 kV 
Station transformers. 


A combination of differential, impedance, over- 
current and restricted earth fault protection has been 
provided for the various equipments as below: 


Section (i) 50 MW Generator 60 MVA Transformer 
(including 500 kVA 
unit transformer). 

Section (ii) 132 kV Busbar. 


Section (iii) 10 MVA, 3 MVA and 500 kVA Station 
Transformers. 
Section (iv) 132 kV feeders. 


Only salient features of the protection schemes and 
relays under each section are described below. 


NEUTRAL GROUNDING AND EARTH FAULT 
PROTECTION 


The neutral on the 132 kV side of the 60 MVA 
step up transformer is solidly earthed and the neu- 
tral of the generator is earthed through a single phase 
30 kVA 6350/110 V distribution transformer. Besides 
limiting the fault current in the generator transformer 
section this voltage transformer affords means for 
earth fault protection for generator and the primary 
sides of the 60 MVA transformer and 500 kVA unit 
transformer. The neutralof generator could be left iso- 
lated as the 60 MVA 11/132 kV Delta/Star transformer 
(42 Ydil) has its neutral of the 132 kV winding earthed 
solidly but due to chances of damage and also mal- 
operation of earth fault relays from the surges pene- 
trating into generator section through the inter- 
winding capacitance between primary and secondary 
windings of the transformer it is considered advisable 
to stabilize the neutral of the generator by earthing 
and provide as well surge diverters in conjunction with 
capacitors at generator terminals. 

The secondary of the 30 kVA voltage transformer 
is shunted by a voltage relay and a loading resistor. 
(The ohmic value of the resistor has been so deter- 
mined that the voltage relay does not operate incor- 
rectly due to high voltage, that may appear across 
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generator neutral and ground as a result of ferro- 
resonance). The purpose of this resistor is two fold; 
firstly it damps out oscillations set up by ferro-reso- 
nance and secondly it allows to circulate 5A to 10A 
in the generator under earth fault condition. 


It may be noted that when generator neutral is 
earthed through a voltage transformer single phase 
to ground fault does not produce fault current suffi- 
cient for correct operation of differential relay. There- 
fore a sensitive and stable earth fault protection relay 
has to be provided. 


The voltage relay which is connected across secon- 
dary terminals of voltage transformer is an induction 
pattern inverse definite minimum time (IDMT) relay 
provided with frequency compensation. This relay 
provides earth fault protection to generator and pri- 
mary windings of 60 MVA transformer and 500 
kVA unit transformer. 


SECTION I: 50 MW GENERATOR— 
“60 MVA TRANSFORMER UNIT 


Internal Phase to Phase & Three Phase Faults 


The protection schematic for generator transformer 
is shown in fig. 2. It is a differential protection separate 
for generator and transformer commonly known as 
longitudinal differential protection. The zones of the 
two differential protection overlap each other. Because 
of inherent inaccuracies of current transformers under 
high current incidental to a severe fault the differential 
relays will be biased 5% in case of generator differen- 
tial and 10% in case of transformer differential. 
Higher bias in case of transformer differential pro- 
tection is needed due to the ratio error introduced 
by the taps on the transformers. 

The 500 kVA unit transformer being solidly connec- 
ted to the generator lies in the zone of generator 
protection. The provision of current transformers on 
the primary side of the unit transformer and their 
connection in the differential circuit of the generator 
relays may be noted. The zone of protection of gene- 
rator differential relays will only be extended upto 
the position of the above current transformers. 
Faults beyond these current transformers in the 
primary or secondary winding of unit transformer 
will be taken care of by over-current and restricted 
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earth fault protection provided on the transformer. 


The differential relays are instantaneous in opera- 
tion as double or three phase faults are very danger- 
ous from the point of view of damage to machine. 


The percentage differential relays are of M/s. English 
Electric Company induction pattern types DDG & 
DDGT for generator and transformer differential 
protection respectively. The pick-up setting range is 
5 to 10% for type DDG relay and 10 to 20% for 
type DDGT relay. 


The characteristic of the differential relays are 
such that under through fault condition the relays 
are stable. 


Transverse Differential Protection for Generators 


The longitudinal differential protection cannot 
detect fault between turns and accordingly for inter- 
turn protection a separate transverse differential 
protection on each machine is provided. The stator 
winding is a four circuit winding per phase but only 
two terminals per phase are brought out. On each 
terminal current transformer of ratio 1500/5 is pro- 
vided and are cross connected. One end of the current 
transformer is formed into a star point and the other 
is connected to a definite minimum time, attracted 
armature type over-current relay of English Electric 
type CAG 34. 


External Faults 


For back up against faults outside the zone of 
generator protection a time delayed over-current 
relay with IDMTL characteristic type CDG is pro- 
vided. This relay will be suitably time graded with 
respect to other over-current or impedance relays 
provided on the grid feeders. A stand-by earth fault 
relay is also provided in 132 kV neutral of the 60 
MVA transformer for faults on the lines and busbars. 


Unbalanced Loading 


The damper windings of Rihand Generators are so 
dimensioned that they can sustain, without undue 
temperature rise, a negative sequence current of 1450 
amps. approximately. Negative sequence current 
protection for unbalanced loading is not needed 
because the feeder relays catering for external two 
phase faults are high speed impedance relays as men- 
tioned later. 


Inter-turn Faults on 60 MVA Transformer 


When a surge breaks down the inter-turn insulation 
of a transformer the local short circuit may not be 
detected by transformer differential protection. The 
fault current in the short circuit loop is quite high 
and this at the incipient stage produces sufficient gas 
due to arcing and local heating in oil, to be detected 
by bucholz relay. Double float type bucholz relay is 
therefore being provided on each 60 MVA transformer. 
One float is for alarm and the other for tripping. 
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Rotor Earth Fault 


Because neither pole of the generator field is nor- 
mally earthed in service, an earth fault at one point 
is not dangerous. If a second earth fault develops at 
some other point in the field it forms a short circuited 
loop and the field breaker as well as main 132 kV 
circuit breaker have to be tripped immediately. To 
avoid such eventuality detection of earth fault in 
rotor winding is obviously important. The earth fault 
relay may only give alarm to enable the operator to 
transfer load to other machines and isolate the faulty 
machine. 


Rotor earth fault relay is a sensitive voltage relay 
connected to the mid point of a centre tapped resistor 
across the rotor winding. To carry out a periodic 
test (which is necessary because a fault in the centre 
of winding will go undetected) a test push button 
switch is included which offsets the relay from the 
mid point of potentiometer and during a periodic 
check up any such fault could be detected. 


Unit Transformer Faults 


From fig. 2 it is clear that earth fault in the primary 
of unit transformer will be detected by generator 
earth fault relay. The phase to phase fault on the 
transformer primary winding will be taken care of 
by overcurrent relay provided for unit transformer 
overload protection as this does not come under 
generator differential protection zone. 


For earth and phase faults in L.V side of unit 
transformer restricted earthfault and overcurrent 
relays are provided as shown in figure 2. Thus full 
protection for phase and earth fault in unit transformer 
has been provided. It may be noticed from figure 2 
that L.V. circuit breaker is interlocked with H.V. 
circuit breaker such that when H.V. circuit breaker 
is tripped it also simultaneously opens the L.V. circuit 
breaker. This prevents feeding to internal fault from 
other generators through the L.V. circuit. 


Figure 4 isa block diagram showing protection shui- 
down scheme. The drawing is self explanatory. 


SECTION II: 132 kV BUSBAR 


Now-a-days practically all the high voltage busbars 
at the generating stations are being provided with 
some form of busbar protection. The busbar faults 
are mainly due to:— 


(i) Flashover of insulation and breakage of insu- 
lator disc. This may be due to inherent weak- 
ness of material or heavy contamination of 
atmosphere. 


(ii) Flashover of insulation due to lightning surges. 


(iii) The other cause may be due to human errors 
in operation and maintenance. 

As said earlier at Rihand Power Station the double 

busbar layout has been adopted. The two busbars 

are coupled by a bus coupler. The busbar protection 
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at this sub-station consists of impedance relays work- 
ing in conjunction with time relay in all the incoming 
circuits and an overcurrent relay on the bus coupler. 

The impedance relays and time limit relays are of 
Messrs. Brown Boveri types ZA3 and MLT respec- 
tively. The impedance relay has got two coils, current 
coil and voltage coil. The current coil receives its 
supply from 300/1 protective C.T. in the incoming 
circuit and voltage coil gets its supply from busbar 
P.Ts through bus selecting switches. The characteristic 
curve of this plain impedance relay when plotted on 
R-X plane is a circle whose centre coincides with 
the origin, the seat of relay. Thus the relay is non- 
directional and will see on both sides. These busbars 
are also under second zone setting of distance relays 
at Robertsganj and Sonenagar ends. The second 
zone clearance time is 0.4-0.5 sec. 

The distance setting of the impedance relay is 60% 
of first zone setting of Pipri Robertsganj Section. 
This comes out to 17 miles which means that for a 
fault within first 17 miles from Pipri both the feeder 
protection as well as busbar protection relays will 
see the fault (assuming one machine on bars). The 
feeder protection will trip instantaneously but busbar 
protection will not. The reason being that the busbar 
protection relays do not trip directly. They close 
their contacts for fault within their reach and energise 
their time limit relays (one with each impedance relay) 
which close their contacts to trip the incoming break- 
ers. If for a fault on line within the reach of bus pro- 
tection relays, the outgoing feeder breaker does not 
get trip impulse or fails to trip due to any reason 
whatsoever, the bus protection relays after a time 
delay of 0.5 sec. trip on the incoming circuits. At 
the same time if there be any infeed from the distant 
substations such as Robertsganj or Sonenagar the 
breaker at those sub-stations will trip in second 
zone time. 

As the bus protection relay is non directional it 
protects some percentage of star winding of 60 MVA 
transformer. Here again discrimination is obtained 
by time grading. All the transformer faults are cleared 
practically instantaneously whereas the bus protec- 
tion relays trip after 0.5 sec. time delay. 


In the discussion uptil now only one machine was 
considered on bars. The actual reach of these relays 
beyond the busbars will be considerably less than 
the normal setting if there are more than one machine 
on bars. For example, each relay will be set for 17 
miles of feeder length. When five machines are 
supplying the load equally and a fault occurs on the 
line say at the fifth mile on Robertsganj Feeder the 
relays will not be seeing the fault because the reach 
of the relay has been reduced to approximately 1/5 
that is 3.4 miles only. This is an advantage in limiting 
the reach of such relays to a very short distance 
beyond the busbars. 


This type of bus protection relay is very popular 
and has the following advantages: 


1. Cheap, does not require any extra C.T. It may 
be noted that this protection was 20 times 
cheaper than differential protection including 
special C.T’s. 

2. Operation reliable: Circuit very simple. 

3. Operation time is only 0.5 sec. which though 
high for stability limit is short enough to limit 
damage to the outdoor sub-station. 


4. Proper discrimination under heavy through 
fault current is maintained. 


Over-Current Protection of Bus Coupler 


An overcurrent relay (definite minimum time, the 
normal setting is 0.3 sec.) for protection of bus coupler 
has been included in the bus protection scheme. When 
both the buses are coupled through the bus coupler, 
and a bus fault occurs the faulty bus is disconnected 
from the healthy one in 0.3 sec. The breakers connected 
to faulty bus is tripped after 0.5 sec. and the supply 
maintained through the healthy bus. 


SECTION Ill: 10 MVA, 3MVA AND 500 kVA 
STATION TRANSFORMERS 


Figure 3 shows the protection schematic for these 
transformers. As usual, the protective relays provided 
for 10 MVA transformer are percentage differential, 
buchholz and over current (on the primary side of 
the transformer). The temperature alarms etc. have 
also been provided. 


Differential Protection of 10 MVA Transformer 


As the transformer is of vector group 11 Yyo the 
current transformer on both sides have to be connected 
in delta. A percentage differential relay of type DDT 
of M/S English Electric having three different bias 
slopes 20% 30% and 40% and setting adjustable 
between 40 and 120% hag been provided. 

The relay is of induction type having two electro- 
magnets and a common disc. The operating electro- 
magnet produces a torque in the contact closing direc- 
tion and the restraining magnet in the contact opening 
direction. The restraint coil is energised by the through 
current which circulates between the two C.T’s and 
the operating coil is energized by the difference between 
two C.T. currents. In this way the current required 
to operate the relay increases as magnitude of through 
fault current increases, giving the relay a high stabi- 
lity on heavy through faults. 


The bias slope of 20, 30 and 40% are the minimum 
obtained with minimum pick-up setting of 40%. 
The percentage slope for any bias tap increases with 
increase of pick up setting. For example a relay 
set on the 20% bias tap will have an actual bias of 


35 percent with a pick up setting of 100%. 
The range of time setting is sufficient to prevent 


inadequate operation due to inrush of magnetising 
current. 
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RIHAND PROJECT NUMBER—JANUARY, 1960 


QOver-Current Back up 


A combined overcurrent current and earth fault 
(I.D.M.T.L.) relay of type CDG of Messrs. English 
Electric Company on the primary side of transformer 
provides the back up protection. 


Protection of 3 MVA Transformer 


The differential protection has not been provided 
on this transformer. The 66 kV side (delta connected) 
is protected by means of combined phase and earth 
fault relay of type CDG of Messrs. English Electric. 
Co. The 11 kV side is being protected by restricted 
earth fault protection. The 11 kV cable connecting 
the transformer and 11 kV switchgear comes under 
R.E.F. protection zone. 


Oil temperature and buchholz alarms have also 
been provided. 


Protection of 500 kVA Station Transformers 


These transformers are protected by over current 
relay on 11 kV side and restricted earth fault relay on 
L.V. side. 


SECTION IV: 132 kV FEEDERS 


On all the feeders of the Rihand Grid high speed 
impedance relays with carrier have been provided. 
A network analyser study was carried out for the 
Rihand system to determine the optimum time of 
operation of breaker from stability point of view. It 
was found that to maintain stability fault has to be 
cleared within 7.5 cycles from both ends of the line 
(The operating time of the 132 kV breaker is 3-5 
cycles therefore the relay operating time is 2.5 cycles 
at the most). That meant that carrier accelerated 
tripping for end zone faults was necessary. From 
Rihand Power Station busbars, at present, one D.C. 
line is taken to Moghal-Sarai via Robertsganj and 
one D.C. line to Sonenagar for railway electrification. 
The Sonenagar feeder is 100 miles in length and the 
Robertsganj feeder only 35 miles. The feeder pro- 
tective relays for all the feeders of Rihand Grid are 
being supplied by Messrs. Brown Boveri Ltd., Swit- 
zerland. 


The protective gear comprises of one cycle single 
step distance type L6f plus a three cycle four steps 
distance relay, type L3wys or L3wyas depending 
upon whether the line length is less than 60 miles or 
more than sixty miles. 


These relays (type L3) are conventional step distance 
relays having a starting relay and a measuring relay. 
In the relay type L3wys there are three starting relays 
one for each phase and one measuring relay which 
caters for all the three phases and all the four steps 
for all types of faults. 

One cycle relay has one measuring relay for each 
phase permanently connecting to C.T’s & P.T’s and 
therefore does not need any starting relay. Under 
voltage relay type CHUc are provided, instead, for 
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phase selection. This one cycle relay is meant to clear 
only single phase to ground and three phase faults 
within the first zone, whilst zone one of three cycle 
relay acts as back-up. For phase to phase faults, 
three cycle relay is available. 


A brief description of the relays under the scheme 
is given below. 


RELAY TYPE L3wyS 


Minimum Impedance Starting Relays 


There are three impedance relays, identical in 
characteristic, one for each phase. The impedance 
relay is non-directional and is connected for detecting 
the fault. The difference between L.3wyas relay and 
L.3wys relay lies in the starting relay only. In the 
former the starting relay is slightly offsetted towards 
the direction of distance measurement to reduce the 
area under the characteristic curve on R-X plane 
for line length more than 60 miles, while in latter it 
is plain impedance. 

As the measuring relay is normally disconnected 
the function of the starting relay is under inception 
of fault, to connect proper current and voltage to 
the measuring relay. The reach of the relay is governed 
by following points :— 

1. Starting relay of adjacent zones must fall back 
when the fault is cleared. 


2. With double circuits line when one circuit is 
out the other carries a higher operating current. 
This must not disturb the reach of the relay. 


3. In case of single phase to ground fault on one 
phase of a circuit (double circuit line assumed) suffi- 
cient current may be induced in the healthy circuits 
due to electromagnetic coupling. The mutual coupling 
factor for a D.C. line may be as high as 0.6. It is 
required that relays of healthy phases must not be 
working. 

4. The reach should cover at least two sections, the 
sections being protected and the section adjacent 
to it, plus 15% to account for error in measurement. 
This is important because the starting relay provides 
back-up in fourth step. 


Measuring Relay 


In relay L3wys there is only one relay catering 
for all types of faults, for all the three phases and for 
the first three steps. The measuring relay is named as 
rotating field relay and is based on MHO principle. 
The characteristic of the relay on R-X plane is a circle 
passing through origin. Thus distance measurement 
and directional differentiation are done by a single 
relay. The connection of voltage and current circuits 
are based on standard practice that is for faults other 
than single phase to ground faults, the line voltage 
and difference of current called delta current are 
supplied to voltage and current coils. In case of 
single phase to ground fault the voltage coil receives 
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phase to neutral voltage and current coil gets phase 
current plus a fraction of totalised current. With 
this arrangement for all types of faults, the rotating 
field relay measures positive sequence impedance upto 
the point of fault. 


As the same relay caters for all the three phases 
and steps, the switching of proper measurands to 
coils of measuring relay is done by auxiliary contactors. 
The phase selection is done by the starting relays. It 
may be noted that the measurement of distance is 
not affected by arc resistance because the reference 
voltage which feeds the measuring relay is taken from 
the healthy phases and is chosen very nearly in phase 
coincidence with estimated direction of voltage drop 
across the resistance of a possible arc. The working 
principle is explained in fig. 5 which shows also the 
tripping curves of the L3wys and L6f relays. 


Reclosing 

This relay L3wys (and also L6f) in conjunction 
with a reclosing relay type OZ110 supplied by Messrs. 
Skoda, the suppliers of Switchgear is capable for 
single or three pole reclosing. A reclosing selector 
switch having four positions is provided in the dis- 
tance relay. This permits the following service condi- 
tions :— 


Position 1. 

Single and three pole reclosing that is single 
phase tripping for single phase to ground faults 
and three phase tripping in case of double or 
three phase short circuits. 


Position 2. 
Three phase reclosing. 


Position 3. 

Single phase reclosing that is single phase trip- 
ping in case of single phase to ground faults and 
three phase final tripping in case of 2 or 3 phase 
short circuits. 


Position 4. 
Operation without reclosing. 
The 132 kV circuit breakers of this Power Station 
as well as the grid sub-stations are of single pole type 
and are suitable for single or three pole reclosing. 


One Cycle Distance Relay Type L6f 


As said earlier the tripping time of L3wys relays 
is three cycles (under certain conditions) and this 
time when added to breaker operating time of 5 cycles 
gives a total clearing time of 8 cycles whereas for stabi- 
lity purpose the maximum fault clearing time is 7.5 
cycles. This necessitates the provision of a relay having 
a still shorter operating time. To meet this require- 
ment, a single step one cycle distance relay has been 
provided, 


This relay is for single phase to ground and three 
phase faults. Therefore the voltage coil is supplied 
with phase to neutral voltage and the current coil 
with phase current plus a fraction of totalized current. 


Phase to phase faults within 50% may also be de- 
tected but owing to the connections employed for 
the measuring elements the distance measurement 
is not always accurate. 


Working Principle 

As previously stated the relay L6f has three measur- 
ing relays one for each phase. The design and mode 
of operation of the measuring relay of L6f is basically 
the same as that of measuring relay of L3wys as ex- 
plained in fig. 5. The distance measurement and 
directional differentiation is done according to same 
principle. 

The main difference between the measuring relay 
type CM3 of L.6f and measuring relay type CM of 
L3wys is that where latter is not always connected to 
the instrument transformers except at time of fault 
by the action of starting relays and its contactors, 
the former, relay type CM3 is always connected to 
instrument transformer to have very short operating 
times. The second difference is in the polarizing vol- 
tage circuit and provision of memory circuit. The 
latter is not provided in the L3wys relays. 


It is needless to say that every distance relay work- 
ing on MHO principle has got three input quantities 
viz., Operating current, restraint voltage and pola- 
rising or reference voltage. The polarizing voltage 
can be taken from the same phase as that of restraint 
voltage or from the healthy phases. In the relays 
L6f & L3w polarizing voltage has been obtained from 
healthy phases. The main advantage is that for nearby 
interphase faults the polarizing voltae does not 
vanish otherwise memory circuit to keep the voltage 
to required level has to be added. The main objection 
to memory circuit is that it forms a sort of oscillatory 
circuit and due to variation in supply frequency 
there results a phase shift between polarizing and 
faulty phase voltage, causing thereby error in measure- 
ment of distance. 

The disadvantages of taking reference voltage from 
healthy phases are:— 

(i) For three phase terminal fault the reference 
voltage vanishes completely. 

(ii) Under many conditions of plant it is difficult 
to draw the characteristic curve on R-X plane 
under single or double pole faults. 

In this relay CM3 of L6f following modifications 

to remove these disadvantages have been made:— 

(i) To cater for 3 phase faults memory circuit has 
been added. 

(ii) A reference voltage composed of two linked 
voltages which produce a resultant voltage 
corresponding to the positive sequence com- 
ponent of the phase voltage is taken. 

(Continued on page 102) 





Rihand Power Station Layout 





IHAND Project is primarily for power generation. 

The live storage capacity of the Rihand Reser- 
voir, available for power generation between EL.880.0 
and El. 775.0 (Maximum and dead storage levels 
respectively), is 7.28 million acre feet. Hydro- 
logical studies have indicated that 105,000 kW of 
power could be generated continuously at 100% 
load factor. In other words, a maximum demand of 
200 mW approximately at 50°% load factor could be 
met from this station. 


Five units of 50,000 kW each are proposed, to 
meet a maximum demand of 200 mW with one unit 
as stand-by. When interlinked with other power 
systems, Rihand could be utilised for peaking up, 
water being conserved during the off-peak hours. 
Being a reservoir-backed station, Rihand could meet 
a large peak demand, provided sufficient installed 
capacity is available. Provision for a sixth unit for 
the future has, therefore, been made in the layout 
of the power station. 


SELECTION OF THE SIZE OF UNITS 


The following factors were considered in detail for 
the selection of the size of the units. 


(a) Physical dimensions and weights of the packages. 

(b) The characteristics of power demand. 

(c) The capacity of the unit at zero leading power 
factor for meeting charging kVA of the lines. 

(d) Steady-state and transient stability requirements. 


After careful examination of the above factors, 5 
units each of 70,000 H.P. corresponding to 50,000 
kW or 55,500 kVA at nearly 0.9 p.f. were selected. 
This selection is in keeping with the modern trend 
to adopt a fewer number of larger size units, obtain- 
ing better economy, efficiency and performance. 


TURBINES 


(a) Type: The maximum, minimum and the average 
gross heads available for the Rihand Power 
Station Units are 251, 144 and 225 feet res- 
pectively. For this range of heads _ vertical 
Francis Type turbine is the natural choice. 


Rating: The Turbines have an output of 70,000 
H.P. at best efficiency at a net head of 224 
feet and restricted gate opening and an out- 
put of 70,000 H.P. at 200 feet at full gate 
opening. The maximum output at heads of 
224 feet and higher will be limited to 77,000 
H.P. 


(b 


— 


Turbine Setting and R.P.M. 


Preliminary calculation for turbine dimensions and 
setting indicated that the centre line of the turbine 
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distributor could be set at El. 637. But this has however 
been set at El. 635.5 to suit the foundation and the 
tail water conditions at the site (the maxim. and 
minim. tail-water elevations are 679 and 630 respec- 
tively.) This setting permits slightly higher specific 
speeds than the calculated setting at El. 637 and the 
corresponding nearest synchronous speed was found 
to be 150 R.P.M. giving a machine having 20 pairs 
of poles. 


Other Particulars of the Turbines 


1. Runner: Cast steel, protected by, welded-on 
stainless steel at the outlet. 

2. Shaft: 30’ diameter of best special Siemens 
Martin forged steel and bored for the full 
length. 

3. Swivel gates: Electrically welded steel, with 
integral stems. 

4. Speed ring: Fabricated mild steel, fully stress 
relieved. 

5. Spiral Casing: 15’—34%"" bore at the inlet. 
Constant velocity type, constructed of mild 
ness steel plates electrically welded. Maximum 
thickness=1}’’; minimum thickness=9/16”. 

6. Turbine guide bearing: Self-lubricated type. 

7. Specific Speed at the design head of 225 feet— 
45.6 R.P.M. 

8. Maximum Runaway speed—273 R.P.M. 

9. Normal Speed—150 R.P.M. 

10. Fly-wheel effect of the turbine—0.894 x 108 Ib. ft? 

11. Governor sensitivity—0.01% of speed change. 


ALTERNATORS 


(a) Type. The Alternators are of the vertical shaft, 
salient pole umbrella type with the combined 
thrust and guide bearing located below the 
rotor. 

(b) Rating. The rated capacity of the alternators is 
55,500 kVA, 11 kV, 50 cycles, 3 phase, and 
0.9. p.f. 


Salient Features 


The alternator stator windings are of the double 
layer diamond coil type with BSS class ‘B’ insulation. 
Closed air ventilation with the coolers tangentially 
located around the stator frame has been provided. 
The alternators are equipped with automatic voltage 
regulators of the control exciter magnetic amplifier 
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type capable of very fast response. The field poles 
have ifaminated cores with damper windings to 
improve stability and reduce voltage distortion under 
unbalanced faults. The neutral is grounded through 
a neutral earthing transformer of suitable capacity 
and ratio 6.35 kV/110 V with suitable earthing resis- 
tance in the secondary. Pivoted pad type, oil lubrica- 
ted, combined thrust and guide bearings with cooling 
arrangement for the oil is provided below the rotor. 


The generator is protected from fire hazard by the 
use of nozzles arranged in two groups for initial and 
delayed discharge of CO, around the generator. Two 
batteries of CO, cylinders are used and are arranged 
for automatic operation from the Generater protec- 
tion relays (generator differential. generator split 
phase and generator earth fault). In addition, a 
switch for manual release of CO, is also provided on 
the turbine guage panel. 


Other particulars 


1. Full load efficiency 
2. Continuous Overload Capacity at 
11 kV, 0.9 p.f. lagging with 80°C 
stator winding temperature rise .. 
3. Output at 11 kV zero p.f. leading 
with a minimum excitation of 
15% of the normal . 44,000 kVA 
4. Synchronous reactance 
(a) Direct axis ae o 90% 


=97.4% 


61,000 kVA 


(6) Quadrature axis oF % 
5. Direct-Axis transient reactance 
(a) Saturated 22%, 
(6) Unsaturated 36% 
6. Subtransient Reactance 
(a) Direct axis 23% 
(5) Quadrature axis 24% 
7. Negative phase sequence reactance 23.5% 
8. Zero phase sequence reactance . 12.5% 
9. No load balanced telephone in- 
fluence factor Sa 50 
10. No load residual emaeea influ- 
ence factor ; 2 30 
11. Short Circuit Ratio .. 1.1 
12. Synchronous power—129,000 kW/electrical 
radian. 
13. Fly-wheel effect of the rotating 
parts of the generator and the 
exciter = 41.5 x i0* 
Ib. ft.? 
14. Maximum runaway speed which 
all parts are guaranteed to with- 
stand oo. 22ers, 
15. Exciter . 286 kW,260V 


THE MAIN STEP-UP TRANSFORMERS 


The main 11/132 kV step-up transformers are 
three-phase 60 MVA units and are Delta/Star with 
the neutral on the 132 kV side solidly earthed, con- 
forming to the Vector Group 42 Yd. 11. 
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The transformers are forced-oil-water-cooled. Two 
100% capacity coolers are provided for each trans- 
former such that one cooler and its equipment can 
be taken out for repairs or cleaning while the other 
is in service. A central oil purifier system with suitable 
size of oil tanks, etc. will be located inside the Power 
House under the erection bay at El. 650 and the 
transformers will be connected to these by a suitable 
piping system. 

These transformers will be located on the upstream 
side between the power house and the dam at El. 
683.00. Suitable rail track will be provided for bring- 
ing in these transformers to the erection bay under 
the crane at El. 683.00. 


The connection to the 60 MVA transformers from 
the generators will be through solid copper bars 
supported on insulators and encased in a light metal 
sheet cover. 


The 132 kV connections from the 60 MVA trans- 
formers to the outdoor switchyard will consist of 
0.2 sq’”’ C.E., A.C.S.R. conductors anchored to the 
face of the dam, carried over the roof of the Power 
House building and terminated at gantry structures 
in the switchyard. 


The transformers are protected by lightning arresters 
on both 132 kV and 11 kV sides. In case of former 
the arresters are located on a bracket welded to the 
transformer tank while in case of latter these are 
near the generator terminals. Mulsifire System of 
fire protection combined with baffled walls between 
each transformer has been provided against fire 
hazards. 


Other Particulars of the 60 MVA Transformers 


1. Insulation on the 132 kV 
windings .. Graded type. 
2. Impulse strength ‘for 1/50 mi- 
crosec full wave of the 132 kV 
windings 550 kV (crest) 
withstand. 
3. 132 kV bushing . .. Condenser type 
4. Tap changing arrangement. Off load tap-chang- 
er with 2.5% and 
5.0% positive 


taps located in 
the neutral end. 
5. Iron loss at 11 kV primary 


voltage - 62 kW 
6. Magnetising current at 11 kV.. 22 amps. 
7. Copper loss at full load unity p. f. 270 kW 
8. Percentage Resistance 0.45% 
9. Percentage Reactance 10.5% 
10. Percentage Impedance 10.5% 
11. Regulation at normal full load 
and unity p.f. at 11 kV 10% 
12, -do- at 0.8 p.f. 7.0% 
13. Efficiency at U.P.F. loads 


(a) Full load 


99.45% 
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(b) 2 load 99.52% 
(c) 4 load 99.57% 
(d) } load 99.48% 


500 kVA UNIT TRANSFORMERS 


Each generator will be connected to a 11/0.4 kV, 
500 kVA, 3 phase, 50 cycles, outdoor type unit 
transformer located at El. 683 near the main step up 
transformer. 


The 400 Volts side of these transformers will be 
connected to the 400 Volt Unit Boards from which 
the essential generator auxiliaries are fed as also 
to the Essential Services Board of the Power Station. 


500 KVA STATION TRANSFORMERS 


Two nos. 11/0.4 kV 500 kVA, 3 phase, 50 cycles 
outdoor type transformers are also located at El. 
683 to provide power supply to the 400 V general 
Services Board of the Power Station. 


These transformers are fed from the switchyard 
66 kV bus through two 66/11 kV, 3 mVA transformers. 


GENERAL LAYOUT OF THE POWER 
STATION 


The power station is located on the right side of 
the spill-way approximately opposite dam blocks 27 
to 33. It has been divided into seven bays, each of 
sixty feet width. One of the bays is the erection bay 
and others are the unit bays. The control room block 
is a separate building adjacent to dam blocks 23 to 
26. The space between the power house building 
and the dam slope has been utilised to locate the 
six 11/132 kV 60 mVA step-up transformers, six 
11/0.4 kV 500 kVA step down unit transformers, and 
two 11/0.4 kV 500 kVA step down station trans- 
formers at El. 683.00. 


The erection bay is at elevation 683 and is approach- 
able by a 30 ft. wide road. A workshop is located 
below the erection bay at 663.00. Another floor at 
El. 650 below the erection bay accommodates the 
oil-storage tanks and the central oil purifier system. 
Suitable chilling drains have been provided in all 
the above rooms at El. 650 for disposing off the 
leakage oil or emulsion of oil and water in case of 
fire. Sprinkler and mulsifyre type of fire protection 
system has also been provided in these rooms. 


The turbine floor is at El. 650.00. Governor oil 
pumping sets, alternator lubricating oil pumping 
sets, pressure receivers, distributing valve, deaeration 
valves to admit air automatically into the draft tube 
and the water strainer are all located in the above 
floor. Cooling water supply pipes with pressure releas- 
ing valves etc. are embedded in this floor. Stairs for 
getting down to the inspection gallery at El. 622 
from the El. 650 floor are provided at two places 
viz., between units 2 and 3 and units 4 and 5. Also 
individual stairs to the turbine pits are provided from 
the 650 floor. 
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A cable gallery to the control room block is also 
situated at El. 650 on the upstream of the power 
station. 


The generators are located at El. 663. The turbine 
actuator and instrument panel is located near each 
unit. The automatic voltage regulator boards and 
the unit boards are located in the gallery at El. 663. 
The pump and general services board is also located 
in this gallery. Space for untanking the 60 MVA 
transformers is provided on the Generator floor in 
unit bay no. 1. 


A gallery for the drainage of various floors, the 
turbine top covers and dewatering of the draft tubes 
has been provided on the upstream side of the units, 
at El. 603.75. The gallery terminates into a dewatering 
sump with bottom at El. 599.5 located in the erec- 
tion bay block. The bottom of the draft tube of each 
unit is connected to the drainage gallery through a 
12” pipe with a valve operated from the draft tube 
inspection gallery at El. 622. The water leaking through 
the runner-seals of the turbines is pumped automati- 
cally by two pumps controlled by electrodes, to the 
drainage gallery. Various floors are drained to the 
drainage gallery by steel pipes embedded at suitable 
locations. 


The water collected in the dewatering pit is pumped 
out into the tail race by means of 4 nos. electrically 
controlled automatic starting bore hole pumps. Two 
of these pumps are of 300 gallons per minute capacity 
and are meant for the normal drainage of the power 
house, while the other two pumps are of 3000 gallons 
per minute capacity and are meant for dewatering 
of the draft tubes. In addition to these, a pump of 
3000 gallons/min. capacity is provided in the spillway 
training wall with its motor at El. 683. This provi- 
sion has been made to enable dewatering in the 
unlikely event of the power house getting flooded. 


The layout of control room block situated adjacent 
to the power station building overlooking the outdoor 
switchyard comprises briefly as below:— 


(a) Cable basement at El. 673: Cables run into 
this floor from the cable gallery of the power 
station, at El. 650 and the outdoor switchyard 
at El. 683. 


(5) Control room, 11 kV switchgear room, D.C. 
room, and Essential services boards at El. 684. 

(c) Office rooms, Committee room, telecommuni- 
caticns room, air conditioning equipment room, 
etc. at El. 699.63. 


A control and relay board for each generator and 
feeder is provided in the control room. This board 
is of sheet steel corridor type box construction with 
control switches and instruments in the front and 
relays on the rear. A separate control desk along- 
side the table of the operater is provided for opera- 
tion of each machine. 


The power station is equipped with two 90 ton 
electrically operated overhead travelling cranes ope- 
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rated from 400 V, 50 cycles, 3 phase supply. A lifting 
beam designed to lift a load of 180 tons by the two 
cranes is also provided. 

The layout of the outdoor switchgear and scheme of 
protection for the station are described in details in 
other articles. 


LIGHTING OF THE POWER STATION AND 
THE CONTROL ROOM 


The lighting scheme of the various portions of the 
power station and the control room block is a com- 
promise of utility. 

The generator hall is 420’ long 62’ wide and the 
height of the roof truss from working floor is 57’. 
400 W, high pressure mercury vapour lamps blended 
with 750 W incandescent lamps have been selected 
to give an illumination level of 7 lumens per sq. ft. 
The lamps shall be fitted in combined lighting units 
which shall also provide good upward illumination. 
In all, there shall be 28 such units. 

Fluorescent lighting shall be provided in workshop 
at El. 663 and El. 650. The fitting shall consist of 
industrial trough type reflectors suitable for accomo- 
dating 2x40 W fluoresceent tubes. The level of 
illumination in the turbine floor is 5—7 lumens per 
sq. ft. and that in the workshop 10 lumens per sq. 
ft. Good number of socket out-lets at suitable points 
have been provided for any additional local lighting 
required during inspection and overhaul of the 
equipments. 
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A considerably high level of illumination of 20 
lumens per sq. ft. has been decided for the control 
room as it is the nerve centre of all the operations 
and good illumination is an absolute necessity for 
easy reading of the measuring devices and the mani- 
pulation of the control knobs. 


For the offices and the committee room 2x40 
watt flourescent tubes in decorative fittings are pro- 
vided, the average illumination given being 10 lumens 
per sq. ft. 


The switchyard, transformer-bay, the Power House 
exterior and the control room block exterior are 
flood lit with incandescent lamps. The approach road 
is to be lighted by 4 20 W—2 ft. fluorescent tube in 
post top lantern fittings. The staggered lighting 
arrangement has been adopted. 


AIR CONDITIONING 


For the efficient working of delicate instruments 
installed in the control and switchgear rooms and 
operating staff centrol room, switchgear room and 
the main office rooms have been air conditioned. Two 
12.5 tons packaged air conditioning units shall be 
installed on the first floor of the control building, for 
this purpose. 


In the end, I must thank my colleagues in the de- 
sign office, who have helped in preparation of this 
article. 





(Continued from page 98) 


SCHEME OF PROTECTION AT RIHAND POWER STATION 


(iii) Damping elements for unwanted oscillations 
set up in the circuit and to prevent occur- 
rence of D.C. component has been added. 


With all these features the relay is capable of secur- 
ing selective tripping in the event of single pole and 
triple pole short circuits. 


Phase Selection Relays 


The relay L6f is also provided with phase selection 
relay of product type. The product relay ensures 
correct phase selection for faults with heavy infeed 
(with small voltage drop at the end of a long line 
where because of low current the impedance relay 
cannot respond for similar faults with minimum 
infeed.). The relay is supplied with the product 
of two voltage and responds immediately when 
the product falls below the set value or becomes 
negative. 


Carrier Relaying 
For simultaneous tripping of breakers at both ends 


under internal fault condition, use of carrier has 
been made. The circuit in the protective relay is so 
arranged that for internal “‘aults, the relay unit which 
operates in first zone sends a tripping impulse to other 
end. Therefore for carrier relaying two phase or 
intersystem coupling is necessary. The frequency 
shift carrier protection equipments (fixed frequency 
equipment) working in conjunction with carrier tele- 
phone cabinets within the telephone band itself have 
been provided for the Rihand Grid. During the short 
operation time of inband frequency shift carrier pro- 
tection equipment the telephone circuits will tem- 
porarily be switched off to provide full power for 
sure operation of protection equipment. 


The speed of operation of protection equipment 
is 15 milli seconds. 


I gratefully acknowledge the help of my colleagues 
in Design Office in preparation of this article and also 
of the pamphlets and drawings of Messrs. Brown 
Boveri and Messrs. English Electric Co., the suppliers 
of Protective Gear and Power Plant for the Rihand 
Power Station respectively. 








Earthing Mat and 


Voltage Gradients Study 





HE site of Rihand Power Station lies in rocky 

ground having high resistivity. Special attention 
was, therefore, needed in the design of grounding sys- 
tem to protect life and equipment. A reliable and low 
resistivity earth is also required for proper functioning 
of protective devices and draining high voltage 
surges. It is also necessary to earth all metallic non- 
current carrying parts of the equipments such as 
machine frames, metal hand rails, cabinets and con- 
duits, tanks of Power transformers, framework of 
oil circuit breakers and steel structures etc. 


The grounding system has to be such, that the 
potential of ground in the neighbourhood of the 
earth electrodes and the voltage gradient around them 
do not endanger a person stepping on that ground 
or damage the buried telephone and protective gear 
cables. 


It has also to be ensured that the voltage difference 
between the earthing bar and ground is within limits, 
so that a person standing on the ground and touching 
the bar is not injured or electrocuted. 


It is necessary therefore to provide a low resistance 
grounding installation dependable throughout the 
year. 

According to present day practice the maximum 
value of resistance of grounding electrode for the 
generating station will be kept within 0.5 ohm and 
for transformer station (over 100 kV) 1.0 ohm. 


TYPE OF GROUNDING MATS 


The area upsteam and downstream of Rihand 
Dam is such that rock is present very near the surface 
and as such the only solution was to have a buried 
grid of copper conductors embedded in the ground 
about 2 ft. below the surface. 


In the switchyard area the rock is present at greater 
depth and as such it is possible to have a pattern of 
copper or galvanised iron rods driven into the ground 
along the boundary of the switchyard with their tops 
interconnected with copper conductors. 


FACTORS AFFECTING DESIGN OF MATS 


The resistance of mats with regard to the ground 
depends upon the type of material in which the mat 
is laid. It varies considerably with the moisture con- 
tents of the soil. The greater the moisture content 
the lower is the resistivity of the soil. A reduction in 
temperature in general increases the resistivity, with 
a pronounced rise when freezing occurs. 


The resistivity at Rihand Dam site was measured 


By K. R. AGARWALA 


by a four-electrode “Megger” and the following 
average values were obtained :— 
Upstream 
Switchyard 


1000 ohms/cm? 
5000 ohms/cm* 


The change in moisture content and temperature 
for upstream mat will be almost negligible since this 
mat will always be under water. The design value 
of resistivity of soil for upstream mat has been adopted 
at a safe figure of 5000 ohms/cm*. The same value 
has been used for a mat in the tail race. 


The variation of moisture in the earth surrounding 
the switchyard mat may be quite appreciable. This 
mat, however, is accessible and artificial treatment 
can be done to ensure moist conditions throughout 
the year. A figure of 10,000 ohms/cm* has been used 
in the calculations in this case. 


Dimensions of the mat and spacing of cross conduc- 
tors have to be fixed keeping in view the following 
points :-— 

(i) Simple loops encirling the area over which the 
mat is to be laid are most economical. 

(ii) Cross connections do not materially lower the 
resistance of the grid but are desirable because 
of mechanical considerations. 

(iii) Substantial savings can be made by spreading 
the grid over larger areas, while very little is 
gained by increasing the number of meshes. 

(iv) Selection of materials and cross sectional 
dimensions of the mat conductors are primarily 
governed by mechanical strength rather than 
considerations of corrosion and current capa- 
city. 

Substantial advantage can be gained by arrang- 
ing the grid of a given area in a narrow strip. 
As the length/width ratio of the mat is increas- 
ed, the change in the ground resistance of 
mat with respect to variation in depth becomes 
less pronounced and for depth to be used for 
a grounding mat this change in resistance may 
be neglected if the ratio is greater than 4. 
(vi) The layout of the mats has to be such that 
the fault currents do not produce hazardous 
ground potentials and voltage gradients for 
the operating personnel. 


In addition to the above the following features have 


(Vv 


_— 
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been adopted in the design of grounding mats:— 


(i) The minimum size of conductors are 4/0 
A.W.G. bare stranded copper. 

(ii) The outside ring of the ground mat has the 
same copper section as the risers. 

(iii) Conductors are spaced approximately 40-50 
ft. apart in both directions in the ground mat. 

(iv) All cable crossings are clamped together with 
bronze or stainless steel ground clamps or 
carefully brazed. 

(v) At least two cable risers are taken from each 
mat to the test stations for connection to vari- 
ous equipments. 

(vi) Two separate earthing connections are provi- 
ded for each equipment in accordance with 
Indian Electricity rules 1956. 


It has been found necessary to have a mat in the 
upstream and another in the tail race and a system 
of grounding rods for the switchyard. 


DESIGN OF UPSTREAM GROUNDING MAT 


The ratio of length to width of the mat has been 
kept equal to 4. A mat of 500 Mem. (19/0.166 S.W.G.), 
having overall diameter of 0.811 inch, copper conduc- 
tors of 100 ft.x400 ft. outer dimensions, the inter- 
meédiate conductors being spaced at 50 feet interval 
in both directions has been proposed. 


This mat is to be buried 2 ft. deep in the ground 
either by excavating trenches and back filling these 
or by laying conductors on the ground and covering 
these with sandy clay. 


The mat is illustrated in figure 1. 


The resistance of the mat was calculated by vari- 
ous methods which are mentioned below:— 


1. Method of A.H. Mc Cracklin and C.W. Wend 
Landt (‘Determination of Resistance to ground 
of grounding grids” Transactions A.I.E.E. 1952 
part III volume 71). 


The authors have actually measured the resistance 
of grids for various length/breadth ratios and placed 
at various depths. The results of these tests have been 
presented in the form of curves and the authors 
have given an empirical equation for the resistance of 
the mat. 

2. Method of S. J. Schwarz (“How to determine 
ground resistance of horizontal grid and mul- 
tiple rod system’) Electrical World, May 2, 
1955 and also A.I.E.E. Transactions 1954 vol. 
73 part III. 

The author has given an emperical equation in 
terms of constants which are determined from curves 
given by the author. 

3. Method of Gross and Wise (“Grounding grids 

for high Voltage stations’—Resistance of large 
rectangular plates’) 


By this method the value of resistance to ground of 
a plate of corresponding size for calculating the 


resistance of a rectangular mat is determined since 
the plate is the limiting case of any mesh system, 
and a plate would give the minimum resistance 
possible. 


The resistance of the upstream mat worked out 
by the first two methods is 0.4 ohms. The limiting 
value of the resistance of grid is 0.328 ohms as worked 
out by the third method. All these values are less 
than the maximum permissible value of 0.5 ohms and 
as such the size of the mat is adopted. 


DESIGN OF SWITCHYARD MAT 


A mat 200’ x 360’ consisting of 56 No. 3/4 inch 
diameter rods each 10 ft. long spaced at 20 feet centre 
to centre and connected by 500 MCM wire is consi- 
dered. The mat is illustrated in fig. 1. 


The resistance of this mat was calculated by vari- 
ous methods taking the value of soil resistivity as 
10,000 ohms/cm*. The various methods are mentioned 
below. 

1. Method of S. J. Schwarz:—(““How to determine 

ground resistance of horizontal grid and multiple 
rod system’’) 


Electrical world, May 2, 1955 and also A.I.- 
E.E. Transactions 1954 vol 73 part III. 


An empirical equation is given by the author 
in terms of constants which are determined 
from curves given by author. 


2. Method as given in “Standard Handbook for 
Electrical Engineers” by A. E. Knowlton 9th 
edition 1957—Sec. 13, page 1293. 


In this method the conductivity of a single ground 
rod is calculated by means of conductivity ratio 
curves given by the author. Knowing the conductivity 
of the rod grid, its resistance is calculated. 


The value of resistance of switchyard grounding 
electrode as worked by the above two methods is 
very nearly equal to 1 ohm and as such the mat has 
been adopted. Necessary modification in shape accord- 
ing to requirements of layout of switchyard will 
have to be made. 


DESIGN OF TAIL RACE MAT 


The mat is illustrated in fig. 1 along with other 
mats and its resistance was worked out in accordance 
with methods as for upstream mat. 


The resistance of the tail race grounding mat also 
works to 0.4 ohms approximately, which is within 
required limits. 


COMBINED RESISTANCE OF VARIOUS MATS 


The combined resistance of upstream and switch- 
yard mats is computed from their individual resis- 
tances as determined above and from an equation 
given by S.J. Schwarz (“‘How to determine resistance 
of horizontal grid and multiple rod systems”) Elec- 
trical World, May 2, 1955. 
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4. WHEN UPSTREAM AND SWITCHYARD MATS ONLY ARE PRESENT. 

~ MAXIMUM POTENTIAL IS AT POINT (O,180FT.) = 1658'7 (DUE TO 
CURRENT THROUGH SWITCHKRYARD ELECTRODE} 136 (ove TO 
CURRENT THROUGH UPSTREAM ELEC >1794°7 VOLT 


2. WHEN UPSTREAM, TAIL RACE AND SWITCHYARD MATS ARE PRESENT. 


MAXIMUM POTENTIAL {IS AT POINT FT.) =976 (OUE T RENT 
THROUGH SWITCHYARD ELECTRODE)+ 80( DUE TO CURRENT THROUGH 
UPSTREAM ELECTRODE )+ 204 (DLE TO CURRENT THROUGH TAIL RACE 
ELECTRODE) = 1260 VOLTS. 


























"A" EARTH POTENTIAL DUE TO CURRENT THROUGH SWITCHYARD ELECTRODE 
WHEN UPSTREAM AND SWITCHYARDS MATS ARE PRESENT. 


“B" EARTH POTENTIAL DUE TO SWITCHYARD ELECTRODE CURRENT WHEN 
UPSTREAM TAIL RACE AND SWITCHYARD MATS ARE PRESENT. 
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"A" EARTH POTENTIAL DUE TO CURRENT THROUGH SWITCHYARD ELECTRODE 








WHEN UPSTREAM AND SWITCHYARDS MATS ARE PRESENT. 
“B" EARTH POTENTIAL DUE TO SWITCHY, c wu 
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The soil resistivity in this case is taken as the mean 
of resistivity in upstream of dam and switchyard i.e. 
7500 ohms/cm* or 75 ohm-meters. 

To determine the combined resistance of all three 
earth electrodes the combined resistance of upstream 
and tail race mats is first found assuming as if the 
mats were placed side by side i.e. neglecting the resis- 
tance of interconnectors by the method of S.J. Schwarz 
and the resistance thus found and that of the switch- 
yard electrode is combined by the equation given 
by the same author. 

The combined resistance of upstream and switch- 
yard electrodes works out to 0.4 ohms and of all 
the three electrodes 0.283 ohms. 


FAULT CURRENTS 


Having determined the resistance of the various 
mats and their combined resistances it is necessary 
to find out the maximum fault currents for the study 
of voltage gradients. The fault currents are deter- 
mined for two cases (1) The upstream mat and switch- 
yard electrodes are present (2) Both upstream and 
tail race mats and switchyard electrodes are present. 


There are 6 Nos. 55, 500 k.V.A. 11 kV generators 
each feeding a 60 MVA, 11/132 kV Delta/Star trans- 
former arranged in the unit scheme. There is a com- 
mon bus on the 132 kV side. 

The design of the neutral grounding transformer 
for generators is such that the fault current with a 
terminal earth fault on the generator at 11 kV does 
not exceed 2913 amps., the full load current of the 
generator. The maximum fault current occurs on a 
phase to earth fault on 132 kV. busbar. 

The subtransient reactances of the generators are 
considered since these give the maximum fault currents 
and thus cause maximum voltage gradients. 

The fault current when only upstream and switch- 
yards mat are present works out to 5680 amperes. 

The fault current when all the three mats are present 
works out to 5727 amperes. 


POTENTIAL GRADIENTS 
General 
The following points in respect of voltages deve- 
loped during earth faults have been considered :— 
1. Potential to which the ground in the switch- 
yard is raised. 
2. The nature of voltage gradients developed. 
3. The effect of touching of an earthing bar by an 
operator by chance. 


The effect of current flow through an earth elec- 


trode is that a voltage gradient is present on the sur- 
face of the ground in the immediate neighbourhood 
of the electrode. The fundamental reason for this 
gradient is that the resistance of the electrode is not 
concentrated at one point but is distributed over the 
soil in its vicinity. A considerable voltage can exist 
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over a relatively short distance and if, for example, 
a four footed animal stands with the centre line of 
his body radial to the electrode, a potential may exist 
between his fore and hind legs possibly resulting in 
a fatality. Similarly a human being taking stride in 
the neighbourhood of a current carrying electrode 
can also be affected. 


The danger due to a voltage gradient around current 
carrying electrode is greatest with single electrode 
systems. By using two or more electrodes spread over 
the station, this effect is largely eliminated due to 
the increase in area and parallel paths for the con- 
duction of fault: current. 


The simplest possible electrode is a sphere in the 
ground which is symmetrical in all directions with 
the lower hemisphere buried in the ground. 


If a current I flows through this electrode spreading 
out radially in the ground, the current density at 
distance X from the centre of the hemisphere is 
: I — 
t= 9 XR and the electric field strength, as voltage 


per unit length is e= where P is the resisti- 


I 
27X? ’ 
vity of the soil in ohms/cm*. 

If a person is walking through such an electrical 
field the body diverts some current from the earth 
and may suffer damage from potential gradients. 
The field strength produces a current in any living 
creature stepping across it. The maximum possible 
current develops if the internal body resistance is 
small compared with the foot resistance on the ground 


which is r where b signifies the equivalent 


_- 

~ 2nb 
radius of the creature’s foot. For a man’s foot this 
has been measured as b=7 cm. on the average. Since 
the voltage drop by the body current through the 
resistance 2r due to both feet is given by the voltage 
taken over the step length ‘s’ is 2ri=e, and the maxi- 


2 es wbe 
mum body current becomes i , = = P . 


The minimum fibrillation current for human beings 
is in the region of 0.1 ampere at 50 cycles. 


Hence 0.1 = pees 
_0.1P_ 0.1 x 10000 sas 
.s Cg= ~ ee =46 volts, 


Hence the voltage difference between the two feet 
of a man should not be more than 46 volts. This figure 
is based on an earth resistivity of 10,000 ohms/cm* 
as decided before for the mat under the switchyard. 

Another effect of the earth fault current is to raise 
the potential of ground above the zero earth potential. 
In case this potential is allowed to go pretty high 
there is a danger to control cables and other appara- 
tus in the vicinity. 


CALCULATION OF EARTH POTENTIALS 
For a vertical ground rod or pipe of length L, the 
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earth potential at the surface at the distance Y from 
the rod is obtained by the formula, 
(L?+Y?)t+L 

7 


The earth potential can also be obtained in the 
vicinity of a buried horizontal wire. For a wire of 
length L buried at a depth d, the potential at a point 
on the surface at the horizontal separation Y from 
the wire and a longitudinal distance x from a line 
through the midpoint of the wire is given by the 
formula: 


U M=.5 Log e 


{ (x— x) +yt+ P eee 
IP 2 
U (x, y)= nL log e 

j 


8 2 
s(x—,) +y?+d? 
i 7) y 
When there are a number of rods or wire, the resul- 
tant earth potential is obtained as the sum of earth 
potentials due to each, the current in each of n equal 


, , I 
rods or wires being taken as ~* 


“Earth conduction Effects in Transmission system” 
by Erling D. Sunde. 


The steepest voltage gradients and maximum 
potential rise will be caused when the individual 
earth connection of an apparatus is disconnected and 
the whole fault current phases through the mass of 
earth to the electrodes from the point of fault on 
an equipment inside the substation. The voltage gradi- 
ents in the power house will not be so steep since it 
it lies away from the resistance area of the mats. 

The possibility of a dead earth fault is greatest in 
the switchyard and the maximum rise of potential 
will as such be in the switchyard in the vicinity of 
electrodes because the effective resistance area is 
concentrated within about 10’ to 15’ of the electrodes. 

For purposes of calculation of potentials it is 
assumed that the total fault current divides iiself 
between the various electrodes in the ratio of their 
conductances approximately. 


The voltages at various points in the switchyard 
have been worked out. The curves ‘A’ (See fig. 2) 
have been drawn for the potential effect, due to current 
through switchyard electrode at various points on 
the switchyard when there are two electrodes i.e. 
upstream mat and switchyard electrode. It is seen 
that the potential is almost constant (of the order of 
1600 volts) along longitudinal boundary of the switch- 
yard nearer to the power house. At the corners of 
the switchyard and at short distances from boundary 
there are steep potential gradients. 


The effect of the portion of fault current passing 
through the upstream mat is found to raise the over- 
all potential of switchyard by 136 volts approximately 
throughout. 


The maximum potential at the switchyard in this 
casé works out to 1795 volts approximately. 
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The curves ‘B’ (see fig. 2) have been drawn for 
potential effect due to current through switchyard 
electrode at various points on the switchyard when 
the tail race mat is also present. The overall poten- 
tials and gradients are reduced in this case. The 
maximum potential on the switchyard in this case 
works out to 1260 volts taking into account 80 volts 
as the effect of upstream mat and 204 volts that of 
tail race mat as calculated. 


From the studies as indicated above it has been 
found desirable to use a grounding mat in the tail 
race as well to reduce the overall ground potentials 
and voltage gradients. The provision of a mat in the 
tail race is necessary from another point of view 
also. During testing when the upstream grounding 
mat will be isolated from the grounding system there 
will be no other equally effective electrode and if 
an earth fault occurs during that period the equip- 
ments and operators are likely to be put to unwar- 
ranted hazards. . 


The is also the danger to a person standing on the 
substation floor and touching earthed metallic parts 
of the plant or the earthing strips. This requires that 
any surface on which a person may be standing is 
substantially at the same potential as surrounding 
objects. 

The potential of ground which is minimum in the 
centre of switchyard is calculated to be 557.2 volts 
for a case when all the three electrodes are in service. 


The potential of earthed metal parts of the plant 
of earth strip under fault on the system will be the 
combined resistance of the three electrodes multi- 
plied by the total fault current that is 0.283 x 5727 
=1620.7 volts. Thus a voltage of 1620.7—557.2= 
1063.5 volts will act on a person standing in the 
centre of switchyard and touching any object such 
as metallic frame of the equipment or earth strip. 


Assuming a resistance of 8000 ohms for a (man’s) 
body the current through the body when tail race 
mat is also present will be — =0.133 ampere. 
This current is in excess of the limiting value of 1/10 
ampere. 

However, the above hazard will be substantially 
removed since buried grids well connected to sur- 
rounding structures, circuit breakers, isolators and 
the like have to be necessarily arranged for earthing 
the individual equipments. 


GROUNDING CONDUCTORS AND METHODS 


Ground terminal boxes have been provided at low 
accessible elevation in the power House. These are 
also used as test points to determine the ground 
resistance. Fibre conduits are to be used at the entrance 
of risers to minimise unwanted short circuits between 
mats. 

The following precautions are to be taken in the 
installation of grounding system :— 
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A. A ground cable is not to be laid close to or 
parallel with generator main leads or other 
single phase power leads. 


B. A ground cable is not to be run through a 
conduit of magnetic material or through a hole 
or other opening in magnetic material. 


C. The lead sheath of a power cable is not to be 
grounded at more than one point. 


D. A current transformer circuit is not to be 
grounded at more than one point. 


It is proposed to have brazed connections in Rihand 
Dam grounding system for risers from test stations 
and connections to various parts of plant and clamp 
type connections for grounding mats and test stations. 
The grounding mats have been suitably anchored in 
the upstream and tail race. 


Lightning conductors will be provided on top of 
passenger and freight elevator towers. General prac- 
tice in case of lightning conductor is not to adopt a 
conductor weighing less than 3 ounces per | linear 
foot and accordingly 4/0 A.W.G. size conductors 
have been adopted. 


Ground terminal boxes or test stations have been 
provided at four locations, these being:— 
A. Penstock operating gallery opposite switchyard 
adit. 
B. Penstock operating gallery opposite power 
house adit. 
C. Intake gate hoist operating gallery near passen- 
ger elevator end. 
D. Opposite centre of 3rd. machine on the inside 
of tail race side of wall on turbine floor. 
These stations have connecting links which permit 
isolation of different parts of the grounding system 
and measurement of resistance of each part. 


The system of main leads from grounding mats 
to test stations, risers distributed throughout the 
Dam and connections to individual items of plant 
is laid out as described hereafter. 


MAIN LEADS 


Three main leads of 500 MCM(19/0.166 S.W.G.) 
conductor each will be taken inside the dam from the 
upstream ground mat, these being connected one 
each to test stations A, B and C. 

Two main leads of 500 MCM conductor will be 
brought from switchyard grounding electrode system 
one connected to the upstream mat through test 
station A and the other to tail race mat through 
test station D. 

Two main leads each of 500 MCM conductor will 
be brought from the tail race mat to test station D. 


The power house ground bus system will be con- 
nected by 500 MCM conductor by one lead each to 
test station A and B on one side and by two leads to 
Test Station D on the opposite side. A similar lead 
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almost vertically through the dam will connect test 
station C with test station B. Another similar lead 
running through the penstock operating gallery 
will connect stations A and B. 


All risers from test stations will generally be of No. 
4/0 A.W.G. or 37/.083 S.W.G. conductor except for 
elevator machinery which will be 2/0 A.W.G. or 
19/.083 S.W.G. 


Connections to individual machinery will be done 
by a minimum No. 4 A.W.G. or No. 5S.W.G. wire. 
Crane rails will have connections to the riser at every 
100 ft. 


Bare stranded copper conductors will be provided. 


To avoid galvanic action only copper and copper 
alloy conductors will be used. 


Layout of main leads is shown in fig. 3. 


In the design of earthing mats considerable work 
had been done in Irrigation Department, Rihand 
Design Directorate and their designs were of great 
help to me in finalizing the problem. I gratefully ack- 
nowledge their help and of my other colleagues with 
whom I had a series of discussions on the calculation 
of potential gradients and their effect on safety of 
apparatus and workers. 





HEATER-DRAIN CONTROL 
REQUIREMENTS 


Design factors which contribute to tighter control 
requirements stem from the trend to higher capacity 
and wider-range operation. As unit sizes soar beyond 
the 200-mw rating, through flow in feedwater heaters 
becomes very high relative to storage capacity of 
level-control area. Maximum amount of feedwater is 
heated in minimum amount of power-plant space. 
This condition is particularly noticeable in designs 
where vertical heaters are used and in horizontal 
heaters where sub-coolers occupy a major portion of 
condensate space. Need to handle wide range of load 
swings during a 24-hour period is second factor for- 
cing more exacting selection of heater-drain controls. 
This brings into play many factors not apparent in 
large-sized base-loaded units. Feedwater-heater sys- 
tems usually incorporate various combinations of 
three basic drain-control systems common to all 
modern power stations: 1) Conventional cascade 
system, where high-pressure heater drains directly to 
lower pressure heater or condenser with level-control 


- valve located in line between the two vessels. 2) Simi- 


lar to system | except heater is drained by a conden- 
sate pump and level-control valve is between pump 
and lower pressure system. 3) Differs from system 2 
in that heater drain pump discharges into relatively 
constant-pressure system such as suction side of 
boiler-feed pump or discharge of main condensate 
pumps. 
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POWER TRANSFORMERS i 


ARE OUTSTANDING FOR 


@GOOD EFFICIENCY 
@ LARGE OVERLOAD 
CAPACITY 


@® HIGH SAFETY FACTOR 
IN SERVICE 


OERLIKON SUPPLY: 


Complete Electrical Equip- 
ment for Thermal and Hy- 
draulic Power Plants, Sub- 
stations and Switching Sta- 
tions, Alternators, Motors, 
Transformers,Rectifiers,Elec- 
trolysers, Special Electric 
Drives for various Industries. 
Electric Traction Equipment, 
Steam Turbines, Gas Tur- 
bines, Bulk Oil, Low Oil and 
Air Blast Circuit Breakers, 
Lightning Arrestors, Auto- 
matic Voltage Regulators, 
Arc Welding Sets. Motor 
Protection Switches and 
Starters. 





OERLIKON PRODUCTS 


are known throughout the 
world for their high quality 


1 
1 
' 
! 
i 
1 
' 
i 
' 
for more than 80 years. : 
' 
: 
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BOMBAY P. O. BOX 278 - 
BANGALORE P. O. BOX 98 
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One 25000 KVA Onload 
Regulating Transformer 
for Sengulam Power Station 


~~) OERLIKON ENGINEERING CO. 


ZURICH (SWITZERLAND) 


Sole Distributors : 


LARSEN & TOUBRO LIMITED 


CALCUTTA P. O. BOX 619 =~ MADRAS P.O. BOX 5247 
- COCHIN P.O. BOX 55 - NEW DELHI P.O, BOX 323 
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Fire Protection of Rihand Power Station 





HE various possible sources of fire and the extent 

of conflagration likely to occur in fire hazardous 
occupancies at Rihand Power Station have been 
carefully weighed and estimated in an effort to plan 
effective, efficient, adequate and reliable layout of 
fire fighting equipments. 

The various occupancies, for which automatic fire 
extinguishing and detecting systems have been plan- 
ned are as follows:— 

5 Nos. each of 55,500 kVA 
capacity. 


A. Generators 


B. Oil Occupancies 
(i) Transformers 5 Nos. each of 60,000 kVA 
capacity. 
7 Nos. 
capacity. 
(ii) Central Oil purifier for Transformer Oil and 
two oil tanks for the storage of dirty and 
clean oil. 
(iii) Oil Storage Rooms. 


each of 500 kVA 


The other occupancies of the Power Station which 
are less hazardous, will be protected by manually 
operated portable CO, cylinders. 


A. FIRE PROTECTION OF GENERATORS 

The apparent cause of ‘Fire’ in a Generator is 
attributed to the failure of insulation of the windings 
which may develop into electrical short circuits 
with consequent overheating and burning of the 
conductors and lead to ‘Fire’. In such eventualities 
it is essential, that. the machine must stop ‘generating’ 
and feeding into the fault as the source of fire must 
be removed before successful operation of extinguish- 
ing the fire can be achieved. The protective gear for 
Rihand Generators includes Generator Differential, 
Transverse Differential and Earth Fault Relays for 
guarding against the short circuits of the stator wind- 
ings. These relays have been arranged for automatic 
shut down of the machine and in addition for the 
automatic operation of the fire fighting equipment. 
As the alternator is closed air circuit self ventilated, 
it is considered that release of CO, can be effectively 
used for promoting an incombustible or inert atmos- 
phere inside the machine. For the satisfactory opera- 
tion, it is essential that the concentration of CO, 
be sufficient so as to dilute the air to a point where 
combustion is not possible. This will be achieved by 
providing sufficient capacity of CO, and distributing 
it uniformly inside the Generator by nozzles and 
pipe work. A battery of CO, cylinders of adequate 
capacity so as to meet the requirement of one com- 
plete discharge for one machine will be installed at 
turbine floor and connected to the nozzle system of 
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all the five units through weight operated selector 
valves controlled by electric release trips. 


A second battery of CO, cylinders of the same 
capacity as the first, with interconnecting pipe work, 
valves and release trip will be installed as standby. 
The control circuits for CO, have been designed to 
carry Out the tripping function of the selector valves 
either automatically by the generator protective 
devices referred above or manually by operating upon 
push button switch on the turbine control panel. 
When the electric release trip unit is energised, an 
auxiliary contact on the same initiates alarm which 
appears on the turbine control panel indicating the 
tripping function of the CO, release unit. The selector 
valves will be capable of local hand control under 
emergency conditions. The testing of the valve 
will be carried out by operating the test switch con- 
nected in parallel with the Push Button. after insert- 
ing the flagged test pin in the lug which will allow elec- 
tric Or manual operation of the trip mechanism with- 
out permitting the cylinder operating weights to be 
released. The discharge of CO, from the battery has 
been arranged to occur in two stages i.e., initial dis- 
charge and delayed discharge for efficient control 
of fire. Half of the cylinders will be connected to one 
set of nozzles for initial discharge and the remain- 
ing half to another set of nozzles through hooded 
horns for delayed discharge. Routine weighing of 
the CO, cylinders will also be carried out as a part 
of maintenance schedule. 


B. FIRE PROTECTION OF OIL OCCUPANCIES 
Principles of attacking Oil fires 


The presence of oil—an inflammable liquid, in 
various occupancies listed above is a constant potential 
threat of fire and the effective use of water to meet 
this challenge, is well known. The application of 
science to this problem by various fire protection 
organisations of the world has revealed that oil fires 
can be attacked by water simultaneously with three 
important effects enumerated below. 


COOLING 





EMULSIFICATION OF OIL DILUTION OF COMBUSTIBLE ATMOSPHERE 


THREE SIMULTANEOUS ATTACKS ON FIRE 
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1. Cooling 

The dispersion of water into fine spray partially 
evaporates it and results in absorption of heat from 
the atmosphere thereby producing cooling effect. 
The ignition of oil takes place at a particular tempera- 
ture which is defined as the “Fire point” and spon- 
taneous ignition of oil vapour occurs at a compara- 
tively lower temperature known as flash point. The 
fire and flash point for transformer oil are approxi- 
mately 200°C and 160°C respectively and cooling 
of oil to a temperature lower than these renders it 
non-inflammable. The cooling action of spray produces 
a temperature much below flash point, thus arresting 
formation of oil vapours and development of explo- 
sive atmosphere. 


2. Dilution of Combustible Atmosphere 


The combustion of oil or any substance needs a 
definite concentration of active air “Oxygen’’. The 
formation of water vapours or steam dilutes the air 
and if this dilution is sufficient above the oil surface, 
the ignition of oil will be rendered difficult. 


3. Emulsification of Oil 


The property of oil to form emulsion with water 
when both the fluids are mechanically agitated opens 
the third channel for attacking the oil fires. A micros- 
copic examination of this emulsion reveals that it 
comprises of tiny globules of oil each sorrounded by 
a film of water. This film of water, forms a fire proof 
covering for each globule of oil. The mechanical 
agitation of oil and water can be achieved by producing 
a forceful spray of water with sufficiently high velocity 
and momentum so as to promote a quick development 
of emulsion at the surface of the oil, thereby ren- 
dering it incapable of burning. This emulsion is of 
temporary character and oil and water separates out 
after the spray is turned off. The spray does not have 
any detrimental effect on the oil. 

The advantages of this agent in its use on oil filled 
electrical equipments like transformers are not off- 
set by its inadvertent application on live equipments 
as the spray consisting of fine broken water particles 
have a very high resistivity to the flow of current and 
also the flashover voltage never falls below that of 
the standard Rain test. The water spray would in fact 
wash away the conducting particles of the soot depo- 
sited on the bushings which may otherwise promote 
flashover. 


GENERAL SCHEME OF PROTECTION 


The scheme of protection broadly includes the 
following :— 


1. Steps to reduce the chance of an outbreak. 
2. Precautions to limit the area of the possible 
conflagration. 


3. Arrangements for a reliable and adequate 


source of water supply, approx. at 90 P.S.I. 
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4. Arrangements for automatic detection of fire. 

5. Arrangements for producing water spray in the 
fire zone and automatic operation of the same 
by fire detection system. 

6. Arrangements for local and remote signal of 
fire and remote indication of defects in the 
system which may result in premature operation 
of the system. 

7. Arrangements for che disposal of burning oil, 
water and smoke. 

8. Arrangements for proper maintenance and 
periodic testing of fire fighting equipments. 

A water tank of 20,000 gallons capacity will be 
provided on the top of the Elevator tower in Block 
No. 34 of the Dam. The base of this tank will be at 
an elevation of 924’ i.e., 241’ above the transformer 
floor and will be fed by electrically operated pumps. 
This tank will not be used for any other purpose 
except that of fire. A 8” water main from this tank 
will run longitudinally along the Power House Trans- 
former Bay and will feed to nozzle system of each 
section of the Bay. A main control valve will be ins- 
talled on this pipe at a point where this enters into 
the Bay. This 8” dia water main will be connected 
to a 6” dia pipe at the end of its run on the Transformer 
Bay and the latter will feed the nozzle system of oil 
purifier, oil tanks and oil storage rooms at elevation 
of 650 through a Sectional Control Valve. 


The signal of fire and defect of the fire protection 
system will be communicated to the Fire Alarm 
panel suitably located in the Control room. This 
panel comprising of 18 sections equipped with electric 
Siren, test switch and audible alarm isolating switch. 
In the event of fire the common inscription ‘Fire’ 
and the inscription indicating the zone of fire will 
be simultaneously illuminated and the siren will 
also be sounded. In the event of low air pressure in 
the detector system of a particular zone, the corres- 
ponding inscription will be illuminated and the siren 
will be sounded. 


FIRE PROTECTION OF TRANSFORMERS 

The steps for reducing the probabilities of fire in 
transformer include installation of various protective 
relays so as to initiate shut down of the unit under 
unhealthy conditions. The precautions for limiting 
the area of possible conflagration will include the 
construction of fire walls so as to generally house 
one 60,000 kVA and one 500 kVA transformer 
of each unit in one compartment and thus reduce 
the possibility of open communication of fire from 
one section to another. The burning oil and water 
will drain into a common gutter of sufficient capacity 
running along the transformer bay but at a consi- 
derable distance from the transformers. 

A group of water projectors (open nozzles) suitably 
positioned and connected to a network of piping 
system around the transformers of each section or 
unit, will be used for producing a cone of discharge 
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of water in the form of spray. The arrangement of 
nozzles, the velocity of spray, range and spray angle 
will be such as to command the entire area of confla- 
gration and produce high extinguishing efficiency. 
The discharge characteristic of the nozzles will be 
such as to discharge 18 g.p.m. of water at 50 P.S.I. 
and cover an area of 25 sq. ft from a height of 20’. 
The whole of the piping system will be so graded 
as to produce uniform discharge from all the nozzles 
and will be supported on steel structures which will 
be effectively earthed. The system of water projectors 
around 60,000 kVA transformers will be connected 
to the system of water projectors around the 500 
kVA unit transformers and supply of water to both 
the systems will be controlled by a single valve assem- 
bly known as M.F. valve. 

Thus in the event of fire on either of these trans- 
formers all the nozzles of each system will simul- 
taneously come into action, thereby deluging the 
entire body of each transformer and the immediate 
floor area with high velocity forceful spray of water. 
The inlet of M.F. valve will be coupled to 8” water 
mains and the outlet from this valve will be connected 
to the system of water projectors. One stop valve 
each on inlet and outlet connections will be installed 
and each of these will normally be locked in open 
position by a strap. A third connection from the 
M.F valve will be made to a detector pipe work which 
will be charged with air under 40 P.S.I pressure 
and will carry sprinkler detectors suitably positioned 
in the fire zone. The M.F valve will normally be held 
in the closed position by the pressure of air. The 
sprinkler detector which will be held normally in the 
closed position by a quartzoid bulb will open and 
relieve the air pressure from the detector pipe work 
and M.F valve on the occurrence of fire since quart- 
zoid bulb is filled with volatile liquid which vapourises 
and breaks the quartzoid bulb when a fixed tempera- 
ture is reached. The operation of any of the sprinkler 
detectors will relieve the air pressure from the M.F 
valve and cause it to open at 10 p.s.i air pressure and 
feed water to the projectors. The manual operation 
of M.F valve will also be possible and could be 
achieved by operating a valve in the detector system 
so as to relieve the air pressure. The flow of water 
through the M.F valve will operate an electrical 
alarm unit and water motor gong for remote and 
local indication of fire. Loss of air pressure to 25 
P.S.I in the detector system caused by leakages, will 
operate Diaphragm Alarm switch in the M.F. valve 
which will communicate a warning signal to the 
Fire Alarm Panel before premature operation of the 
valve takes place. A pressure guage each on the 
water inlet and detector connections will be installed 
so as to facilitate maintenance. A test valve on de- 
tector pipe work shall be used for ‘periodic testing 
purposes. The supply of compressed air to the detec- 
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tor system will be obtained from a common bus for 
the transformer bay through a non-return valve 
and stop valve. 


FIRE PROTECTION OF OIL 
STORAGE ROOMS 


These rooms are meant for housing lubricating 
oil drums, sundry oil store, grease, portable oil 
purifier, oil testing equipments, central oil purifier 
and oil tanks etc. Partition walls or fire walls 
between each of the occupancies mentioned above 
will be erected so as to limit the area of conflagration. 
Fire doors between the power house and the oil rooms 
will be installed and these will be held in open posi- 
tion by fusible elements which will melt in the event 
of fire, thereby resulting in automatic closure of the 
doors. The provision of chilling drains for the dis- 
posal of burning oil and ventilation duct system for 
exhausting smoke from these rooms, have been made. 
The probabilities of fire in this being less compared 
with the transformer deck a comparatively cheaper 
and simpler scheme for protecting these occupancies 
has been envisaged. This is quite similar to the scheme 
described earlier under transformer. The difference 
lies only in the method of controlling the application 
of water under conditions of fire. The detection of 
fire and control of water to the projectors in central 
oil purifier and oil tanks will be carried out by a valve 
known as “Mulsifire control’. This valve will be 
connected to a small group of water projectors. The 
principle of operation of this valve is similar to that 
of sprinkler detector. The rupture of quartzoid bulb 
on the valve in the event of Fire releases water to the 
group of projectors or nozzles. A number of such 
control valves along with associated projectors with 
them will be suitably distributed around the area. 
The functions of detection of fire and control of 
water for other rooms will be carried out by number 
of sprinklers suitably located in these rooms and 
each sprinkler will individually function both as 
detector and projector. The water supply to the 
Mulsifire controls and sprinklers will be obtained 
from a common main running in these rooms. In the 
event of operation of any one of the Mulsifire control 
valves or sprinklers the flow of water through the 
sectional control valve will operate Alarm Valve and 
Water motor gong for remote and local indication 
of fire. 


The total expenditure on the fire protection scheme 
described above will be approximately Rs. 2.16 lacs 
and will protect property worth about Rs. 150 lacs. 
The interest and depreciation at 6% on Rs. 2.16 
lacs amounting to Rs. 13,000/- per annum may be 
looked upon as an insurance premium on the pro- 
perty worth Rs. 150 lacs against fire. 
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HE lighting of modern dam and power station 
& presents problems both technical and psychological. 
With the realisation of visual comfort in increasing 
efficiency, the psychological aspect has assumed more 
and more importance than the technical. It is now 
generally recognized that good lighting is essential 
to careful operation and sound maintenance. The 
following points need consideration for arriving at 
such a scheme: 
Level of illumination. 
. Type of source of lighting. 
. Type of fittings. 
Any local requirement or special circumstances 
demanding consideration or attention. 


FPwn- 


LEVEL OF ILLUMINATION 


The level of illumination depends upon the pur- 
pose for which the lighting is required i.e., upon the 
fineness of work, degree of contrast or the nature of 
the objects on which work is to be done. The finer 
the work, and lesser the contrast, higher is the level 
required. As high level increases the cost of installa- 
tion, a thorough study is needed in selecting the same. 
Table No. | gives levels of illumination which have 
been selected for Rihand Dam and Power Station. 

TABLE I 


Levels adopted 


Serial 
! Lumens/ Sq.ft: 


No. Location 


1. Intake unit control chambers and 


hoist m/c platform ee Pe 4.0 
2. Galleries and adits Sa ies 1.5 
3. Lobbies ss AP i 8.0 
4. Sluice gate chambers si - 4.0 
5. Battery Room * os a 7.0 
6. Control Room 2% ee a 20.0 
7. Machine Shop a - i 10.0 
8. Offices ua bs ns 10.0 
9. Cable Gallery a “7 % 3.0 
10. Generator floor .. za - 8.0 
11. Turbine floor ne re a 7.0 
12. Switch gear room ae a 10.0 
13. Retiring room - Sis 24 5.0 


TYPE OF SOURCE OF LIGHTING 


There are four most common sources of lighting. 
(i) Incandescent lamps. 
(ii) Mercury Vapour lamps. 
(iii) Sodium vapour lamps. 
(iv) Fluorescent lamps. 
In assessing the relative merits of each of the avail- 
able types, factors such as efficiency, rated life, bright- 
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ness, colour rendering property, initial cost, and 
replacement cost need special consideration. Given 
below is a comparison of the general performance 
of several sources, now available, in the form of a 
table. 
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In addition to the above, aesthetic effect of lighting 
and local conditions such as air conditioning of build- 
ing etc., play important part in deciding the source. 
Because of white colour and glare free light, fluores- 
cent tubes are finding greater use, particularly in light- 
ing of offices and public places. Places which are 
air conditioned are also generally lighted with fluores- 
cent tubes as these add less heat load due to their 


efficiency being high. As mercury vapour lamps and 
sodium vapour lamps are imported material, their 
use is kept to a minimum. 


After giving due consideration to ihe above and 
connected factors, the type of lighting sources selected 
for the various places at the Rihand Dam and Power 
Station are as follows: 


TABLE Ill 











Serial Type of light Type of lighting 

No. Location Requirements source selected fittings 

(i> (2) (3) (4) (5) 

1. Control High level (20 lu/sq. ft.) of glare free lighting, colour dis- Fluorescent Decorative fittings suit- 
room. crimination essential, room to be air-conditioned, aesthetic lamps. able for recessed mount- 

effect and peaceful atmosphere desirable. ing in the false ceiling. 

2. Power Not very high level of illumination (8 lu/sq. ft), glare not Mercury vapour Trough type fittings suit- 
House of much importance as lamps are to be fitted in the ceiling + Incandescent able to accommodate 
(Main (56’ high), colour discrimination not essential but desirable, lamps. combined mercury vapour 
floor) the lighting fittings to be suitable for high bays. lamps & _ incandescent 

lamps. 

3. Office Comparatively high level of illumination (10 lu/sq. ft.), light Fluorescent Decorative fittings having 
Rooms & should be glare free and colour discrimination essential, lamps. louvers etc. for diffusion. 
lobbies in office rooms are being airconditioned, aesthetic effect 
dam. desirable. 

4. Turbine Not very high level of illumination, colour discrimination Fluorescent Trough type fluorescent 
Floor desirable, ceiling only 12’ high from floor level, aesthetic lamps. fittings. 

effect not essential but desirable. Glare free light desirable. 

5. Cable Low level of glare free lighting, ceiling at low height from Incandescent Prismatic bulk head fittings 
galleries floor level, the objects have very low reflection factors. lamps 

6. Galleries Very low level of illumination is required, ceiling very low, Incandescent For galleries of Power 

sides have very low reflection factor. No aesthetic effect is lamps House :— 

required. Prismatic bulk head fit- 
tings. 
For galleries of Dam:— 
Recesses have been provi- 
ded to accommodate 
lamps and to be used as 
reflectors. 

7. Intake unit Low level of illumination is required. Sides have very low Incandescent Industrial type reflectors. 
control reflection factors. Aesthetic effect and colour discrimination lamps. 


chambers, 
hoist m/c 
platform & 
sluice gate 
chambers. 


not required. 


TYPE OF FITTINGS 


Suitable type of fittings have been selected depend- 
ing upon the nature and use of each place and have 
been given in the last column of above table No. III. 

In addition to the above, the lighting of roads, 
switchyard and spillways etc. presents their own 
problems and in short the following schemes have 
been proposed; 


Road Lighting 


The roads on the dam top and the approach to the 
power station will be 31’ and 50’ wide respectively 
including walk ways along both sides. Post top, 4 20 
W fluorescent fittings have been selected for the light- 
ing of the above roads. On the dam road there will 
be a single row of these lights spaced 80’ along the 
down stream edge of the road and with a height 

(Continued on page 118) 
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Rihand Project: Planning and Progress 





IHAND Project envisages to utilise the water 

potential of Rihand river in district Mirzapur 
for development of hydro power. A 304 feet high 
cement concrete dam would store 8.6 million acre 
feet of water and a power station situated at the toe 
of the dam will use this storage to generate power. 
The power house will have an ultimate capacity of 
3,00,000 kW but initially only five units of 50,000 kW 
each will be installed. 

History of development of Rihand Project dates 
back to 1944 when the topographical, hydrological 
and geological surveys and investigations were star- 
ted. A skeleton project was framed in 1948 on the 
basis of these surveys, but final shape to the project 
was given in 1954 after comprehensive studies and 
investigations. During all this period, the project re- 
mained under investigation stage and full scale cons- 
truction work could only be started in April 1954, 
when the financial arrangements for funds required 
for the execution of the project were finalised with 
the Government of India. 

With the decision to take up the project all the pre- 
liminary prerequisites for the construction of the 
main dam and power house were taken up in phases. 
First came the road link and the bridge over river 
Sone. Then came the colony for the government staff, 
hospital, school and other utilities. To meet the re- 
quirement of the construction power which was esti- 
mated to have a peak of 6000 kW, a 3000 kW diesel 
station was set up at the Dam site and this was later 
supplemented by 6000 kW thermal plant at Chopan. 

While the construction of road, bridge and colony 
was in progress, specifications and other tender docu- 
ments for main civil engineering works were prepared 
and tenders invited. Global tenders were received in 
December 1954 and the work was awarded to M/s. 
Hindustan Constructiori Co., Ltd., of Bombay in 
March 1955. 

The contract calls for completion of all the works 
in the dam, power house and appurtenances by June 
30, 1961. Initial planning of the job with a view to 
select, procure and install the construction plant was 
done and January 1957 was set as target for start of 
concreting operations. 

With the available time for completion the average 
rate of concreting per day worked out to 80,000 cft 
and taking the peak capacity as 150%, of the average 
rate the entire construction plant was selected for con- 
creting at a peak rate of 1,20,000 cft per day (Maxi- 
mum concrete poured on any date uptil now has been 
1,24,713 cft.). Timely procurement and _ installation 
of construction equipment required most careful plan- 
ning specially in the face of ever increasing import 
difficulties and transport bottlenecks. Selection of 
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equipment and orders for procurement were, how- 
ever, finalised by October 1955. The construction of 
foundations for various construction machinery was 
also commenced in advance so as to be ready by 
the time the machinery arrived. 

The construction equipment started arriving in 
October 1956 by which time the road link from 
Robertsganj and the bridge across Sone were ready, 
for the transport of the heavy equipment to the site 
of works. 

The construction equipment mainly comprised of: 

(i) Two 20 ton cableways over a span of about 
3000 ft. (longest ever used in the world). 

(ii) Two 10 ton cableways over a span of about 
2100 ft. 

(iii) Batching plant with four mixers of 4 cu.yards 

each. 

(iv) Refrigeration plant of 990 tons capacity. 

(v) Two ropeways of 200 tons per hour capacity 
and 11700 ft. long. 

(vi) Primary and secondary crushing units for 

aggregate production at 400 tons per hour. 

(vii) Quarrying equipment including shovels and 
dumpers for haulage of quarry stone to the 
crushers, 

(viii) A miscellany of allied equipment such as belt 
conveyors, welding sets, pumps, vibrators, 
compressors etc. 

The 10 ton cableways, one rope way, one primary 
crusher of 150 ton per hour capacity and two units 
of refrigeration plant were available with the con- 
tractors from their previous job on Vaiterna Dam 
works. This equipment was installed as and when it 
arrived at the dam site. 

A detailed schedule of construction was drawn up 
in the meantime and the 592 lacs cft of concrete re- 
quired for completion of dam was proposed to be 
poured in the different seasons as below: 


I Season Jan. 1957 to Sept. 1957- 34 lacs eft. 
Il m Oct. 1957 to ,, 1958-191 
il ‘i a 1958 to ,, 1959-176 
IV %9 9 1959 to ,, 1960-146 
Vv ra . 1960 to June 1961- 45 


Diversion of the river was carefully planned. The 
work area was planned to be isolated during normal 
times by constructing upstream and downstream 
masonry coffer dams and confining the flow of the 
river to a diversion channel crossing the dam align- 
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ment on Blocks 25 and 26. These works were com- 
pleted by March 1957. 

To ensure uninterrupted working in the power 
house during monsoons it was proposed to isolate 
this area by building a coffer dam allround above the 
highest flood level. This work was scheduled for 
completion before monsoon of 1958. 

An immediate start was made on the excavation 
of foundation and by March 1957 most of the excava- 
tion was completed and only surface preparation of 
blocks prior to concreting remained to be done. 

A minor setback in the procurement of plant was 
caused at this stage due to Suez Canal crisis and the 
arrival of certain construction equipment was de- 
layed. Some components of batching plant itself 
arrived as late as March 1957 and the concreting 
operations could, therefore, commence on April 5, 
1957 with the help of two 10 ton cable ways as the 
20 ton cableways were yet to be installed. 

Concreting during the first season (April °57 to 
August °57) was confined only to the raising of these 
blocks of the dam over which the tail tracks of the 
cableways were to be installed. Concrete was brought 
from the batching plant by the 10 ton cableways and 
lowered on the downstream side of the blocks. Stiff- 
leg cranes, erected temporarily for concreting this 
season, picked up these buckets and transported them 
to the blocks for placement. Only 11 lacs cft of con- 
crete could be placed in the season. 

The tail track of the cableways were put through 
in September °57 and the concreting of the second 
season was commenced in October 1957 still with the 
smaller 10 ton cableways. 

Erection of the two 20 ton cableways was conti- 
nued simultaneously and these were brought into 
commission in November 1957 and January 1958 
respectively. Thus full scale concreting operation 
could start only in March 1958 when all the four 
cableways became operative. 

There were innumerable teething troubles with the 
construction plant specially at quarry and the crush- 
ing plant due to heavy wear on account of the hard 
and abrasive nature of stone. 

The 20 ton cableways being the longest in the 
world to be ever used, also required maximum care 
and caution in handling and could not, therefore, be 
geared to full scale efficiency straight away. 

Spillway blocks were kept low and the right abut- 
ment and the intake blocks were raised well above 
the high flood level. 

In order to maintain continuity of work in the 
power house, the work area in the power house pit 
had to be isolated from monsoon flood by the cons- 
truction of a 70 ft high masonry coffer dam com- 
prising 8,00,000 cft. of masonry. The work on this 
coffer dam was started in February 1958 and com- 
pleted in June 1958. 

A conduit was left in one of the spillway blocks 
and the river was diverted through this conduit by 
damming the upstream of the old diversion block. 
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This new diversion was effected in April “58 and the 
full heat was then turned on the concreting of old 
diversion blocks. In a race against time these blocks 
were prepared and concreted to levels above H.F.L. 
before the monsoon broke. The new diversion con- 
duit is provided with a gate on the upstream face of 
the dam so that it can be sealed off by lowering the 
gate and then plugging the conduit with prepakt 
concrete. 

In the second season only 152 lacs cft, of concrete 
could be placed and the progress of concreting at this 
Stage was 62 lacs cft. behind the original scheduled 
target. 

The plant was however in top condition. The 
quarry had stabilised and the 20 ton cableways had 
really started delivering the goods. With all these 
points in favour a higher revised target of 239 lacs 
cft of concrete was set for the third season and a 
detailed monthwise and blockwise programme was 
crawn up. Shuttering and form work requirements 
were worked out in detail and arranged for. Staff on 
concreting and dcifferent preconcreting operations 
were supplemented and all other steps were taken to 
meet the higher requirements of an increased work 
load. Work for third season was commenced in Octo- 
ber 1958. Wonderful progress was maintained thro- 
ughout the season and 249 lacs cft of concrete was 
placed upto end of season bringing the upto date total 
to 412 lacs cft against a target of 401 lacs cft. 

Thus with careful planning and co-ordination the 
job which was way behind schedule was pulled ahead 
of schedule. During this season concentration was 
entirely on the right abutment and the intake blocks. 
Right abutment was pushed all along so as to ensure 
the completion of the blocks to top from right end 
of the dam to the intake by June 1960. This will 
enable us to lay the track for the intake gantry crane 
upto the intake block so that as soon as the crane 
arrives, it could be erected and moved over to the 
intake blocks for the erection and installation of the 
penstock gates. All the buckets and both the retain- 
ing walls were completed so as to finish all work in 
the river bed. 

Drilling and grouting of the intake blocks from the 
foundation gallery was started and three stages of 
25 feet each were drilled and grouted in the intake 
section. This work shall continue now as the blocks 
keep rising up (Specifications demand construction 
of a block to a ht. of 100 feet or to top before grou- 
ting is started). Foreign exchange difficulties are 
delaying the procurement of bits but it is still expec- 
ted that all drilling and grouting will be completed 
before the dam fills up to full supply level. 

The programme for the fourth season has been 
finalised after detailed studies. A target of 171 lacs 
cft has been set up for this season and the remaining 
concrete is to be placed after the fourth season. 

It is proposed to raise the spillway to the crest 
level in this season and complete to their full height 
the entire right abutment and the intake blocks. The 
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left abutment will be raised to sufficient height above 
spillway so that a normal flood of 4.25 lacs cusecs 
could be routed through the spillway, (assuming that 
the reservoir is full upto spillway crest level before 
the flood) without the water overtopping the left 
abutment blocks. 





M4 LACS Cfr 


J SEASON 


152 LACS Cfr. 





4 SEASON 


249 AACS Cfr 


i SLASIV 


(SCHEDULED) 


17/7 ACS CFr 
| IV SEASON 


q (SCHEDULED) 3 LACS CFr 
| 


V SZASOVN 


IN/LFAINOD 10 FWWYIED044e 7:21L17.4 8 SSFTAIOUAS TWIOLAN 








ta 





PENSTOCK PIPES 

Water from the reservoir to the turbines will be 
carried through 16 ft. diameter steel penstock pipes 
embedded in concrete in the intake dam. Fabrication 
of these pipes comprising about 1000 tons of steel was 
carried out at site. Plates for fabrication of penstock 
pipes could not be procured in time and the intake 
dam had therefore to be built in two stages. It was 
obligatory to build the intake dam upto above high 
water level before June 1958 to avoid flooding of 
the power house pit and to enable the work on cons- 
truction of power house to continue during the mon- 
soon. The intake dam was, therefore, left in steps. 
As soon as the plates were available the work of fab- 
rication of pipes was pushed ahead round the clock 
and by end of the season all the pipes were manufac- 
tured. The pipes were duly tested and installed and 
the blockouts were completed in all respects by end 
of third season, In this way the problem of delay in 
procurement of steel was successfully encountered and 
the construction was so phased that by end of third 
season the work was on schedule. 

The penstock pipes were manufactured from steel 
plates of thickness varying from 4” to 1” and were 
of welded construction, The longitudinal joints of the 
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pipe shells were radiographed to ascertain the quality 
of welding. Hydrostatic pressure testing of the pipes 
was also done to ensure the quality of material in 
the plates and of welds in the girth joints. Most of 
the welding was done by automatic welding machines 
and in case of manual welding, the welders who were 
employed on the job had to pass tests in different 
welding positions before they were allowed to work 
on the penstocks. 

POWER HOUSE AND GENERATING PLANT 

The power house excavation was completed by 
May 1957 and the rock covering lifts were laid in the 
first season. Next year the work area had to be desil- 
ted. The units were again made ready for concreting 
by December 1957. 

Draft tube liners in all the bays were embedded in. 
the scond season and a part of the first stage concrete 
was placed. 

Full concentration of efforts was made on the power 
house during the third season and by April 1959 the 
erection bay and the first unit bay were constructed 
to a stage to start turbine erection. The fabrication 
of steel columns, girders and roof trusses for the 
power house superstructure was started concurrently. 
The gantry cranes of the power house were installed, 
tested and commissioned. By end of third season all 
the first stage concrete was laid and most of the steel 
superstructure was up. Scroll case assembly was com- 
plete in one unit bay and was in progress in other 
two units. 

The second stage concrete has now been started. 
The second stage concrete will be poured in 2.5’ lifts 
with an interval of 2 to 3 days between successive 
lifts. According to the planning the entire second 
Stage concrete of one unit bay is to take 4 months 
but the progress at site uptil now has been better than 
that. 

The assembly of the first rotor has started in the 
erection bay. It is proposed to carryout the test of the 
first machine during the months of April. May 1961 
and the remaining four machines by December 1961. 

PERMANENT EQUIPMENT 

The different equipment required for Rihand Dam 

are listed below: 
1. Trashracks. 
2. Intake stoplogs. 
3. Draft tube gates. 
4. Bulkhead gates for sluices. 
5. Penstock gates and hoists. 
6. Passenger Elevator. 
7. Power House Elevator. 
8. Freight Elevator. 
9. Slide gates and Hoists. 
10. Tainter Gates. 
11. Intake Gantry Crane. 
12. Draft tube Gantry Crane. 
13. Bulkhead for penstocks. 
14. Expansion Joints. 

The first four items are being manufactured at the 
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departmental workshop at Bareilly and Roorkee. 
Though there was quite a lot of difficulty in procure- 
ment of steel, yet it is certain that all equipment will 
be received at site in due time. Trash racks and intake 
stoplogs are ready and part requirement of drafttube 
gates have already been fabricated. The embedded 
parts were planned and procured in concurrence with 
the concreting programme and only block-outs for 
guides have been left. 

The Bulkhead have been manufactured at site while 
the expansion joints are being imported. 

Items at serial 5 to 12 are being procured from 
open market by global tenders. It was initially appre- 
hended that considerable time will be required for 
import of these equipment and as such preparation of 
specification were started by the Equipment Division 
~as early as February °55. Specifications were comple- 
ted equipmentwise and global tenders called for each 
equipment separately. The prevalent practice of 
equipment procurement from invitation of tenders to 
the award of the contract is as follows: 

1. Tenders are invited, scrutinised and the recom- 
mendations are made by the Chief Engineer to the 
Rihand Control Board. 


2. Rihand Control Board transmit the papers to 
the C.W.P.C. after giving their recommendations. 

3. C.W.P.C. carry out a full technical scrutinity of 
the proposals and then submit their recommenda- 
tion to the Government of India, Irrigation Ministry. 

4. Irrigation Ministry further scrutinises the tenders 
and sends same to the Development wing for 
clearance in respect of items requiring foreign ex- 
change. After clearance from the Development Wing. 
the final proposal goes to the Finance Ministry for 
release of foreign exchange. 

5. After foreign exchange is released, the project 
authorities complete the formalities of awarding the 
contract and obtaining the import licence. 

6. Delivery period of the tender counts from the 
date of award of contract. 

This entire process is very time consuming and 
even with such an early start, the project is facing 
some difficult situations regarding procurement and 
installation of permanent equipment. All this clearly 
indicate that for all future jobs the planning for pro- 
curement of equipment should be taken up very early 
and should be pursued on a top priority basis right 
from the beginning. 
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DESIGN CRITERIA FOR LIGHTING OF 
RIHAND DAM AND POWER STATION 


of 13'—15’ above road level. This arrangement is 
estimated to provide 3800 lumens per 100’ of the 
road. On the approach road to the Power Station 
there will be two rows of lights, one along each side 
of the road. The lights will be similar to the above 
but will be staggered and spaced 100’ apart. This 
arrangement is estimated to provide 6000 lumens 
per 100’ of road. 


Switchyard Lighting 

For this purpose, the installed capacity of the flood 
light projectors has been arrived at by taking 2.5 
lumens/sq.ft. of switchyard area. The projectors 
have been spaced all around the periphery of the 
substation. No light fittings have been installed inside 
the area to avoid insect trouble in rainy season. Also 
the projectors have been installed at such height 
that maintenance is easy without danger of proximity 
to live conductors etc. The projectors are further 
capable of being adjusted both in horizontal and 
vertical planes so that concentrated lighting may be 
obtained for any repair work in the switchyard. 


Spillway Flood Lighting 

Angle type flood light fittings with 1000 watts in- 
candescent lamps will be located on the down-stream 
edge of dam top road in the spill-way sections for 


flood lighting the over-flowing water. The main and 
auxiliary reflectors of the fittings have been so selected 
as to give uniform light distribution over the entire 
surface of the falling water. The fittings will be glare- 
free from convenient observation positions. 


Powerhouse Flood Lighting 


Due provisions of flood lighting the down-stream 
face of the power house have been made. For this 
purpose 4-1000 W. flood light projectors, two on 
either side of tail race will be located 100’ away from 
the down-stream face of the powerhouse. 


Emergency Lighting 

For this purpose a reduced scale of lighting has 
been accepted. Light fittings have been provided 
at all important points of operations, access passages 
and stairways. The control room has been amply 
lighted for this purpose. No such lighting has been 
provided for offices and in the dam, as no danger to 
human life or machinery is expected at such places, 
in the event of total supply failures. The emergency 
lights are arranged to switch-on automatically. 


The cost of lighting of Rihand Dam is estimated 
to be Rs. 1.34 lacs and that of power station, switch- 
yard and control building Rs. 1.71 lacs. 
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(Civil), A.M.I.E., is incharge of 
the Quarry plant at Rihand. He 


is working with H.C.C. Ltd., 
since 1944, and has a very valu- 
able experience of Quarrying 
Operations at Vaitarna works 
which the H.C.C. had _ under- 
taken for the Bombay Munici- 
pality. 


Sri D. M. Savur, B.E. (Civil), is 
with the H.C.C.Ltd. since 1952. 





With his experience of designing 
and planning Quarry plant lay- 
outs, he is an asset to the ever- 
expanding activities of the com- 
pany in the construction field. 
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Sri M. P. Tyagi, B.Sc., B.E. 
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OTHER MAJOR SUPPLIES TO INDIA 


| NANGAL  220KV LINES 
Dvc 132KV LINES 
MACHKUND 132KV LINES 
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KOYNA — 220KV LINES 
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ENGLISH ELECTRIC 


GENERATING SETS For RIHAND POWER STATION 


The English Electric Company is supplying five 77,000 B.H.P. Vertical Shaft Francis Turbines coupled 
to 55,000 KVA, 1! KV Umbrella type Generators for the Rihand Power Station in the U. P. It is also 


supplying all the H. T. & L. T. indoor Switchgear, Control and Relay Boards, Station and Unit Trans- 
formers and all ancillary equipment. 


Every aspect of hydro-electric design and manufacture is dealt with inside the Company’s organisation and comprehen- 
sive hydro-electric installations in India by ‘English Electric’ include Sengulam. Radhanagri, Nizamsagar and Sarda 
Power Stations. Hydro-electric equipment has also been supplied for the Power Stations at Bhira, Hirakud. 
Poringalkuthu, Papanasam and Mettur. 
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A COMPLETE RANGE OF DISTRIBUTION EQUIPMENT | 
IS MANUFACTURED AT OUR WORKS IN MADRAS 


THE ENGLISH ELECTRIC Company LIMITED 


(Incorporated in England. Liability of Members Limited) 


New Delhi Calcutta Bombay Madras Lucknow 








